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To the ad Society of Lincolns- * 


Inn in General, hut more Eſpecially to 


the Members of the Bench of the ſaid 


Society). 


Sir Jon Hawles Kt. Sir Richard Holfor:l Kt: 
Sollicitor General. William Dobyns Eſq; 


Sir James Butler Kt. TJamesWittewrongElq ; 
James Stedman Elq; Edwin Griffin Eſq; 
Lake Aſtrey Eſq; Henry Penton Eſq; 
John Eldred Eſq; * Elared LancelotleeEiq ; 
Thomas Jones Eq; - John Keen Eſq; : 
Nicholas Martin Efq; Samuel Somerford Eſq; 


John Green Eſq; Robert Dormer Eſq; 

Sir Thomas Powys Kt. Sir John Hely Kt. 

Edward BydeFſq;. «© 
Honoured Sirs, - 


Humbly beg your Pardon for bringing 
this Book under your Protection. Were 

it a Work of my own, or I any thing but the 
Tranſlator, I ſhould conſtrain my Thoughts 
o a meaner Dedication : But being a Colle- 


orld, I mean, Heinlin, Meſtlin, Kepler, &c. 
Ind never made Engliſh tillnow, I conceiv- 
ed I might the ſooner procure their Welcom, 
o Pertons ſo eminent for noble Candor, as 

ell as for all thoſe intellectual Excellencies, 
vherewith your rich Souls are known to be 
urniſhed: J reſolved to be as kind to this 


Book as I could, and ſeriouſly conſidering 
& Which 


ion of ſome of the greateſt Maſters jn the 


| And for as much as the Stu 


— — + — 
- . — —U— — - 


Epiſtle Dedicatory.. 


al which way to effect it, I at laſt concluded 
| (with Submiſſion) to prefix your Names to it, 
who having a higher Senſe, and Judgments 

{ ofexcellent Parts, are beſt able to defend my 

; Lapſes and Imperfections. 1 


The Mathematical Sciences, although in 


their Speculations moſt noble and pleaſing to 


E - a Philoſophick Mind, and in their Practice ve- 
ry uſeful and profitable to Mankind, yet have 
L they not been equally approved by all; For 
4 which cauſe, ſuch Writings as promulge and 
| offer at the advancing of thoſe Sciences, ſtand 
| in need of ſuch Patrons as are able to defend 
| them againſt the Cavils of Pride, Envy and 
Ignorance. 


* 


dy of Know- 
ledge is incumbent on all great Men, ſuch as 
Judges, Rulers, Councellers, &c. And that 
they who delight and- have Knowledge in 


2 Mathematical Sciences, are greatly aſſiſted in 


the right governing in a Common wealth, as 
well in times of War as of Peace, to the diſ- 
cerning of all things aright. | | h 
Whence alio many Emperors, Kings, and 
Princes, &c. Have been ſo raviſh'd with the 
Mathematical Study, that they have not only 
diligently ſtudied it themſelves, but have al- 
ſo been at great Charge in employing the mo!! 
excellent Artiſts they could get to propagate 

and increaſe it. | 
It is commonly ſaid that all Learning is ofa 
Piece; nꝗ thatNeſcit generoſa mens ger 
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Epiſtle Dedicatory. 
pati; An Inſtance of the Truth of which fay* : 
ing, appeared in that late great and learned 
Perſon the Lord chief Juſtice Hale, lately a 
Member of your Honourable Society, who 
beſides his great Knowledge in the' Law, 
was a great Divize and Mathematician, as ap- 
pears by his Books and Manuſcripts in the 


Library of your Society, ſome of which I 


have leens | 7 

Now having had the Honour (for ſo I 
eſteem it) of ſerving your Honourable Socie- 
ty for about Thirty three Years in my Trade, 
and having received ſome Advantage there- 


by, Tthought it juſt Gratitude to inake this 


ſmall Preſent,as the Poor Man doesto his rich 


and great Neighbour, by whom the Noſe- 


gay of Flowers, or Basket of Fruit is not ill 
taken, altho? he hath more Plenty, and far 
better of his own Growth. Small Things 
become valuable whea they are made the Ot- 


ferings of Reſpect, Eſteem and Grati- 


tude, for Seneca faith, there neither is, nor can 


be any Law againſt Ingratitude. 


I know, you Gentlemen, have ſo much and 
great Imployment for his Majeſty and his 


good Subjects, that I ſhall not rob youof an- 
other Minutes Space, beſides my Prayers to 


God to bleſs and proſper your Honourable So- 
ciety, and the Liberty of Subſcribing my 
ſelf”. 

Your moſt Humble and 


moſt Obedient Servant. 


Venterus Mandey. 
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FIRST EDITION. 
TO THE 
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The Author wiſhes Happineſs. 


Mathematical Sciences, as they are uſually called, 
vi. Which are exercis'd about the Numbers and 
Magnitudes of things, which ſerve not only to the 
better underftanding of all other Arts and Sciences inferior 
and ſuperior : But alſo are neceſſary to all Men, to the more 
convenient living a Civil life, we think it not convenient in 
this place to enlarge upon; for concerning this of Mathema- 


_ things, no Ingenious Men doubt: but the unſkilful, unleſs 
* 


hey were entred into this ftudy, and perceived ſome ſweet- 
nels of it, can never be drawn to it as they believe, by any Elo- 
gy of words. | ; | | | 


Therefore leaving thoſe ; we ſhall declare a few things, by 


What Authority, or to what end and purpoſe, this Mathemati- 


cal Synopſis was compoſed ; and in what order and method, we 
Imagine the ſtudious in the Mathematicks, may advantage- 
ouſly be Imployed in it. | 3 
The knowledge of the Mathematicks among other ſtud ies 
alſo, always flouriſhed from the firſt beginning of this Acade- 
my, if not among all Learners, yet among Teachers; vhich 
have been moſt expert Artiſts in the Knowledge of the Mathe- 
matieks; and not in Germany only, but in all Europe, the moſt 


ramous, Foby Stoffler, Samuel Siderocrates, Fobn Scheubelius, 


Thili p 


O W. much the pleaſure and advantages are, of the 


5 B 2 5 5 e * uk 
IIe Old Preface, 
© Philip Appian, Michael Meſtlin , Eberbar dus Sculteſius, and not 
| only he that was very Famous and had in great honour among 
us, but alſo among Foreigners, and is now in Heaven, VPilliam 
Schickard, but alſo the moſt Ingenious and moft excellent Ma- 
thematician ꝓohn Kepler, altho he ſpent not his Days with us, 
yet he came forth? from our School, and was Famous throug]: 
allEurope: But alas! the diſmalFire of the late Wars, as itbrought . 
all other kinds of miſchief along with it, ſo it miſerably broke 
this School of ours at Tubingen,and withother Sciences and Arts. 
Alſo the moſt noble ſtudy of the Mathematics was almoft de- 
ftroyed ; which ill fortune falling grievoully on it, our moſt Se- 
rene Prince and Governour the Lord Eberhard the 111d. Duke of 
Wirtemburge, Cc. following the footſteps of his Anceſtors, 
among other things did alſo reeſtabliſh the Marthematicks, which 
was at it were deſtroyed ; not only to be taught in the Pub- 
lick Univerſity, but alſe, would have the firſt fundamentals ot 
it, taught in the Schools of Monaſteries; therefore for this 
end, and by the command and mandate of our moit Serene 
Prince, this preſent Synopſis is collected, not of one, but of ma- 
ny Mathematical Diſciplines, as well from the Lucubrations of 
ours, which of late flouriſh'd in this Academy, as of others, 


* 


| Fs 


the run is AC 
24 more noble Lovers of this Science; it being mada uſe of by the 
a advice of Learned Men : In which, what ſhall be appointed, 
the or in what order and manner any one in our opinion may pro- 


fitably be converſant in it, we ſhall briefly ſhew. . 

re Iherefore in the beginning, leaſt any one by ſeeing the big- 
neſs of the Book ſhould be offended at the Title Ynopſis, he 

that we deliver here not one, but as in time paſt 


na- uit kngy ** 8 

leſ; five, ſo ſix diſtin Diſciplines; yea if after tie manner 

5 of others, we were willing to divide it into ſmall parts, we 

10 might make it into more than Ten: If this were divided in- 

"I to ſo many parts, it might very well ſtill retain the name of 

by Synopſis, or Compendium. But why are we not content with 

48 one Science, but would gather together many Syſtems? The 

ar nature it ſelf of the Mathematicks requires it: For often times 

. the parts of it are ſo bound, and as it were joined with the 

f bond of Relation, that one without the other, can neither 

8 be diſpoſed in due order, nor learned with any benefit. For 

* Example, ſome Knowledge of Aſtronomy, eſpecially to the 

ich ſtudious devoted to Theology, was always requiſite in our 

St Schoof: But what Knowledge I pray, can any one have from 

oft a Treatiſe of Aſtronomy, without ſomewhat of Arithmetic, E 

is eometh, of Geography, and alſo of Optics? which it any one a 
13 A 4 Wants 
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The Ola Preface. 
wants, he will ſcarce learn more in Aſtronomy, than a blind Per 
Man in the Art of Painting. That therefore theſe ſhould be 


joyned together, Neceſſity it ſelf required it. ig 

In laying down theſe things, we obterve this Order, vit. ro 
That we premiſe thoſe things, the Foreknywledge of which le 
is chiefly ne ceſſary in the latter: Whence Arithmetic and Geo- vl 


metry preceed Aſtronomy z for as much as they are, as it were 
Wings, with which we fly into Heaven: Geography follows A- Di 
ſtronomy (which by Reaſon of its great Dignity, we have indeed 
handled more fully; but if you conſider the Multitude of things 
contained in it, we have handled it compendioully enough) 
which is ſo jayned with Aſtronomy, that neither without the o- 
ther, can entirely be underſtood. The Optics follow Geogra- 
phy, which although it hath hitherto for the moſt part been 
neglected, even by thoſe who would hearken to Philoſophy ; yet 
the Benefit and Light it affords to alnfoft all the other Scien- 
ces is ſuch, that it may truly be ſaid (conſidering its great Me- 
Tit) that it is the Sun, the Eye and Beauty of them all: Theres b 


1 fore we were willing alſo only to delineate it, if perchance af- c 
if ter a long time of Exile, it 'may recover its Dignity and Place a 
th among ſome or other. | | G 


90 I hoſe things which we have annex d by the way of Appendix, Ml > 
il odr ſcatter'd any where by Digreſſion, although they are not, a 


0 properly of theſe Diſciplines, yet by reaſon of the great Plea-* I 
+ ſure and Utility of them, we would not neglet them; ſuppo- ſj 
$5! fing that a Lover of theſe Studies, if he ſhould find any thing n. 
05 that's good out of thaway, he will no more deſpiſe it, than 1 
i if in digging his Field, he fhould find a hidden TreQre. 74 
ji We have omitted the long Demonſtrations of Geomerrical b 
[i Things, ſince becauſe I ftudy Brevity, we reſpe& Practice. 
1 morè than Theory, alſo becauſe all the Concluſions draunfrom P 
gi Geometrical Things, are approved of, by the Opinion of all a 
BY learned Men; whence tis fit that thoſe that learn ſhould alſo J. 
1 believe them . Not to ſpeak of ſome Demonſtrations which by 0 


reaſon of their Subtilty, are ſometimes more o>{ure than the 

Concluſions themſelves: yet if any one require them, he may 1 
| fatishe himſelf with Euclids Elements, or the Commentators d 
| upon them, the excellent Clavins, Ambriſę, Rhodes, Orontius, 


Ptiſcus and others. 
And in handling rheſe Diſciplines, we would have Infor- 
mers or Inſtructers obſerve theſe things; for we requiro he In- 


ö ö former to be altogether learned, diligent and prudent: For 
what ill Accrues, from the Studies of thoſe Youths, who raſhly | 
take into their Hands any Books without a Teacher, and = | 
= | ſently 


The Old Preface. 
ently from them perſwade themſelves to be learned, Experi- 
ence teftifies ; for oftentimes they ſtick a great while on ſome 
ight matter, and vex and faitgue themſelves on it in vain, * 
rom which they might difintangle themſelves with a great 
leal of Eaſe by the help of a faithful Inſtructer: But at length 
when they perceive themſelves to be exerciſed in ſuch things 
a vain, where they ſcarce touch upon the Entrance of any 
Diſcipline bnt they conceive a Diſdain of it, and they reject 
it again as inſuperable. PH 

For this reaſon we require an Informer which will explain 
all things faithfully; and not to propoſe to Youth, the learning 
df ſo much; which tliey uſually do, who think they have per- 
formed their Daty according to their Reward, if they ob- 
rude. on their Schollars, the charging their Memory with 
ſme Prolix, not underſtood Leſſon. a 

Therefore we wholly deliver the ſtudious from this Labour 
of learning by heart, for the Mathematics are not to be learnt 
by heart, but to be under ſtood, and alſo they are to be exer- 
ciſed by hand; to which Exerciſe, a Ruler, a pair of Compaſſes, 

a Celeſtial and Terreſtrial Globe; or inſtead of theſe, Charts and 

Geographical Maps are ora þ In theſe if the Maſters and 
| Schollars are ſometime converſant, it cannot but happen, that 
alſo they will bear the Words themſelves in memory; from 
which right Underſtanding of things, they may alſo 
ſpeak. plainly; that by reaſon of it there will {ſcarce be any 
need of peculiar learniag by heart; eſpecially fince Mathema- 
zical things are not oniy laid before the Underſtanding as Me- 
raphifics are, but are alſo contemplated by the Eyes and handled 
by the Hands. „ 

Nor yet alſo do we think it convenient, that Learners in the 
Beginning, ſhould run through the whole Body of theSciences, 
as they are delivered in this Syopfis ; But by degrees not on- 
ly to aſcend from one Diſcipline to another, hut alſo from one 
of one Part, to the other Part. ; | 

And therefore we conftitute three Orders, in the Study of the 
Mathematics; beginning, going forward, and making a ſtand; 
Nevertheleſs no Law or Puniſhment to be conftituted, if any 
one ſhould invade the Ends of another, before *tis time; only 
that he inſiſt in a right way, and obſerve a convenient order, 

not by Girds and Leaps, to be converſant, ſometimes in one 
Part, and other times in another. 

1' Therefore in the Beginning, is deiigned the firſt and ſe- 
cond Part of Theoretical Aritbmetich, as well in whole as in 
broken Numbers, which Men onght to know, by reaſon of the 

great 


; The Old Preface. 


great Uſe which they have in all Human Affairs: Front 


whence if any one being dull of Wit, proceed no further, but: 
would abftain from all the other Parts of the Mathematics, yet 
methinks he ſhould not think much of the Labour to add 
from the third Part concerning Proportions, only be Golden 


Rule of Proportion, Which is the chief Point, of the five Species 


or Rules of Aritbmeticł. 

But if our Beginner would aſcend higher alſo, to other Parts 
of the Mathematics, we may propoſe to him the Firſt and Second 
Part of Geometry: In the Firſt are contained the Definitions of 
Geometrical things, and as it were, expoſes all the Furniture of 
Geometry, and ſubjects it to the Sight: The Knowledge of which 
alſo, although he would proceed no further, yet this Advan- 
tage would not be contemned, which ſo admirably brings in- 
to the Mind, not without great Pleaſure, the Ideas of Corpo- 
real Things, from the Divine Mind into the Human Kind of 
fallen Men, of which theſe rude Figures of ours, are as it were a 
Defluxion of Material Things. | 

To this moſt pleaſant Contemplation, if our Beginner allo 
add the Second Part of Cyclomerry, being eaſie to be under- 
ſtood and comprehended : *Tis no doubt but he will be then 
incenſed, from the Love and Deſire of the knowing Marbemati- 
cal Things, to proceed with a chearful Mind, and haſten on to the 
order of going forward. 

II. Then after theſe Proceedings; he may firſt run through 
the two other Parts of Theoretical Arithmetick, in which, be- 
cauſe he is already exerciſed in the FiveSpecies or Rules of Arith- 
metick (eſpecially in Fractions which have a great Affinity 
. with Proportions) he may paſs with an inoffenſive Foot, and 
accompliſh them in a ſhort Space of time. 

But from hence, to them that would ſometime do Service 


in the Common Wealth, they may profitably enter upon the 


other Parts of Geometry : In which, indeed not all things are 
contained in theſe: Arts, whch are neceſſary to be known, to 


Politick Men, in times of Peace and of War, yet for the moſt 


part the Foundations are here laid, without the right Under- 
ſtanding of which things, their Knowledge will be either im- 
perfect, or doubtful. 

But becauſe this Labour is deſigned chiefly for them who 
#hink ſometime to ſerve in Eccleſiaſtical Affairs, on whom there 
is incumbent a greater Care of Heavenly than of Earthly 
Things, after the Underſtanding of Theoretical Aritbmeticłk, and 
the Firft and Second Part of Geometry, they may forthwith en- 
ter upon the three Books of Aſtrenomy, and after theſe to = 
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Eirſt Part of Geography: To which may commodiouſly be 


dyned the Aſtronomical and Geographical Problems (by laying 
ſide for ſome time the Trigonometrical Calculation) which the 
Liſe of the Celeſtial and Terreſtrial Globes ſhew, and they will 
ſo ſubject thoſe things to the Sight, which theyhave heard and 
ead in Aſtronomy and Geography. : 
He that ſhall have learned theſe things, will have more 
ight to the Title of a Maſter of Philoſophy, than if he would 
Fire and continue only, in ſome Knowledge pertaining to 
ogick and Rbetoricł. 

III. All the reſt which remain, in Artuhmetick, in Geometry, 
in Aſtronomy, in Geography, and in Optics, are deſigned for 
them that are durable and conſiſtent; among which we propoſe 
thoſe who are conſecrated to any Superiour Faculty, who can- 
not grow old in the Mathematics, and in other Studies of Philo- 


ſophy. 


- Nevertheleſs leaſt we ſhould ſeem to paſs over with ungrate- 
ful Silence, any of them who have contributed any thing either 
of their own, or of others, to this Work. Of the Ancients, they 
are theſe, Euclid, Ptolomey Geber, obn de ſacro Buſto, G. Pur- 
bachius. Of the Moderns, Nicholas Copernicus, Eraſmus Reinhol- 
dus, Tycho Brahe,, Peter and Philip Appian, Gemma Frifus, Bar- 
tholomew Pitiſcus, G. Lud. Frobenius, Tho. Winſhemius, C. Peu- 
cerus, Adrian Metius, Chriſto. Clavius, Galileus, Amb. Rhodius- 


Fobn Fleiſcherus, Alſtedius, Keckerman, Havemann and others,, 


&c. And of our time the aforetaid Fokn Stoffler, Sam. Siderocra- 
tes, Fobn Sceubelius, Mich. Meſtlin, ob. Kepler, Will. Schicht hard, 
wholeOptical Manuſcript was freely communicated to us by the 
excellent and generous D. Job. ab Hohenfeld, great Lover and 
Promoter of theſe Studies. From which we have collected 


many things in this Synopfis leſt they ſhould periſh, as much as 


the Scope and Reaſon af our purpoſe would bear, and th; 
therefore we were willing to remember, that the ſtudiovs in 


* 
* 


the Mathematics, might know to whom Thanks is due, it any 


Benefit redound to them from theſe things. 


What remains, is that we admoniſh the Pious and Candid 
Reader in Equity: If by chance ſome things from the more 
unſkilful Workmanſhip, being handled more dexticroniiy by 
others, being received more awkardly by us, or the 
things themſelves that are added by us, be underfivod to be 
leſs exquitite, that he would not make too ſharp a Cenſure, 
but that he pardon ſomewhat of the Difficulty of the Times,and 
ſomething of the Weakneſs of Human Nature, and that he 
would ſuppoſe ſomwhat to be left to himſelf, from which he 


may 
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may gratulate himſelf concerning his greater Erudition, and 


. with us, not to ſubſiſt in the careleſs Contemplation of theſe 


mundane Things, but refer all Things to the great end, vi. 


that to God the moſt wiſe Creator of all things, acknowledg- 


ing the Power and Goodneſs of the moſt wiſe Diſpoſition, be- 
ing made in Number, Weight and Meaſure, we may not only 


break forth into Praiſes of him, with a full Heart and Mouth, 
but alſo to mingle together our Manners, to the Pious Univer- 
ſal Harmony. To conclude, being allured by the ſweetneſs 


of theſe Contemplations, we may deſire more earneſtly the 
Solution of this Body, and the Felicity of the future Life, 


where our Knowledge of things which is now in part, will be 


perfected moſt fully, when we ſhall behold, not only intimately, 
the things created by God, but we ſhall alſo ſee the Creator 
himſelf Face to Face, to him be Prajſe from henceforth and for 


ever, Amen, 


T O 


W 


t P 


> 4 * W 2 ER TVs, fs A 


T O 


TO THE 
Candid Reader. 


| * 
The New Preface, or the Preface to this 
Third Edition, In which the Reaſon 
is given, of the Deſign of Reprint- 
ing it. 
A the exact Space of Ten Years from the first 


Publication, is come nom by chance another Ma- 
thematical Synopſis of that great Man, Johan. 

Jac- Heinlin Prelate of Bebenhuſan, hitherto deſired 
by the wiſhes of many : Nor yet without Important rea- 
ſens, ſince that (and which of Learned Men inſtructed 
in the firſt places in the knowledge of theſe St. es,) it 
hath been acknowledged to be taken from, an o conſiſt 
cf the whole Mathematical Learning, bot ure and 
mixt, (alſo, that, they call abſtract, but tis Concrete) 
the better Diſciplines being handled with more ſingular 
care than in the firſt Edition: So that if all the other 
works of this Author by which he hath deſerved well of 
the Common wealth of Learning, and which are very 
many and very large were loſt ;, yet this little Book alone, 
has eternally obliged all that have a juſt value for know- 
ledge themſelves, or are concern'd in teaching others : 
For although from the manifeſt Love of his, to the People 
taking pains in learning, the. collecting and publiſhing 
of this SYNOPSIS Was in part, yet he was chiefly 
prevailed upon, to wit, that the Youths of Vv artemberg 
ſhould have it as a certain Guide, and that by the com- 
mand and ſollicitous Deſire of the moſt Serene Father 
of the Country, which founded his Mathematical Stu- 
dy, increaſed it, and order'd it to the proper Buſineſs 


0 


N I)!)be New Preface. 
of Life; Nevertheleſs the Fruitfulneſs and Dignity of 
this Labour appeared the greater, when alſo the ſame 

was approved of by very many abroad, and moreover . 
they ſhew'd an earneſt Regard to its Uſes not leſs when s 
enjoyed : Truly this little Book contains nothing ſuper- 
fluous, as is uſual ſamtimes, nor remote from Practice, 
but is a moſt uſeful, @oodly and moſt profitable Treatiſe, 
being looked into diligently, and in the Firſt Place they 
praiſe it, becauſe the Definitions, Axioms, Poſtulata, 
Theorems and Problems, are diſtinguiſhed moſt 5kil- 
fully, and nevertheleſs compact together in a well order'd | 
Series, whence they afford agreater Light in the Mathe- MC 
. matical Studies, as appears moſtt plainly. It happens IC 
that this ſame indeed, ſeems providing enough for the In. 
Aßpprehenſion of Scholars, neither yet is it neceſſary | «| 
that being made Proficients, they ſhould lay aſide the 7 
Book, in which alſo;thoſe things being ſtudied (according il P 
to the Advice given in the Old Preface) may be plainly Wt 
. | underſtood, | 7 
F: | When therefore Heinlin himſelf, the Author of this | 
FN S YNOPS1S, while he was yet alive, perceived that | pi 
hy this Method of treating} of the MATHEMATIC EKS WH 
Ji roof ſo mightily with Foreigners beyond his Expeftation, I 
(for he was a modeſt Man)] and when he was likewiſe | a 
informed ſo, by him who had been at the Charge of the i w 
firſt Edition. He preſently deſigned and prepared a 71 
New one, leaſt the Copies being every where diſperſed,it if v 
ſhould be done by ſome other Hand, before he had re- T 
viewed and mended it. Alſo he increaſed either the il » 
Chapters, or Numbers of Books of Diſcipline, but how- I 
ever for the moſt part, this Philoſopher and great Divine i. 
having ſo ſufficiently finiſhed all things as he deſigned, 
he departed this Life devoutly and pleaſingly in the 
Tear 1660. | "I = 4 
= Neverthileſs ſomethings of which he was admomſhed . 
by his Friends, eſpecially concerning Geography and - 
Statics, of which, both Places ſeem'd to require, that 
ſome enlarging, this a new Addition through the whole, 
whereby | 
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The New Preface, 


phereby ehis Book may more truly maintain, the reno w- | 


ref name of the univerſal SYNops1s of the Ma- 
ame HEMA TIC S, Was not quite finiſhed, but by his 
wer t Will be committed that gleaning to his Friends, to 
phen rhom alſo he committed the Care of his Manuſcripts, 
per- Ind in the firſt Place thoſe belonging to Philoſophy. 

ice, Therefore by theſe, and the ſtrict Bond of the holy 


iſe, Nriendſbip, and by the Publiſher, being oftentimes called 

they ¶Napen by the Printer, at length they applied the Hand to 

ata, Nrhe Work, and that reſidue which the Author deſigned, 

kil- Ws annex'd to fulfil the Mind of him. 

rd And indeed concerning GEOGRAPH Y, ſome 

he- chapters are increaſed, in which the Connexion of the 

ens MW Countrils is better, they being reduced according to the 

the ¶ natural Order, of which fort there is uſually a Want, 

ary Walmoſt generally in all the Writers of this Diſcipline. 
the Tis na convenient to detain the Reader with a longer 

ing Preface, but concerning STaTiCs, which is now 

nly the firs Time added, it ſeems not foreign to the Buſi- 

zeſs, to add ſomewhat more. 

bis 8 Foraſmuch as it hath been confeſſed, that enougha p- 

bat | pears of the Cauſes, why ſome (which Voſſius alſo teſti- 
© Sg fes concerning himfelf”) that he can ſcarcely unfold the 

on, meaning of them, who conſider ST ATI CS ſeparately, 
iſe ¶ and ſo, not to be a Part of mixt or concrete M a T HRE“ 
the MA TICSs;ʒ as the Ancients would; but they preſume te 
4 imagine them a part of the pure and meer MAT AR 
„it MMATlCsS, Indeedit cannot be denied, but that ST A- 
re- TICS, its Object being abſtratted from all matter, it 
the may conveniently be conſider d as the do A rx 17TH M x- 


w- Miick and GEOMETR Y, from which notwithſtand- 
ine ing it 15altogether diverſe. | 

d, Wherefore conſidering the Thing accurately, they 
he WW {cer wholly to appoint it not only two Sciences which 


are properly MATHEMATICAL but rather three, 
ed (according to the common ſaying, GOD hath made 
md ali Things in Number, Meaſure and Weight) to wit, 
at MARITHMETICK, GEOMETRY and STA“. 
ez | rics 
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* The New Preface. 
T1cs, of which the former is converſant only about 
Number, the other about Magnitude, the latter about 
Weight, tobe conſider d in an abſtratted Manner. 
And indeed it were to be wiſhed, ſince right reaſan 
' adviſes not otherwiſe, that theſe things had been ſo deli. 
vered in eld time, but becauſe this Method of Hanal-Þ 
ing, is hither to unuſual, the Author would not too far 
recede from the Old Cuſtom, ſince no Man had done 
it before him, alſo which he acknowledges ought ſo to be 
done; but here alſo he, as elſewhere oftentimes, eſpeci. 
ally in deſcribing the Syſtem of theWorld,Cin As RO 


ge 


* 
5 


n 1 


NOMY Book 1 of the Sp HERE Chap. 3) bath, 
eſteemed to himſelf following nicely; if a more diligem 
Searcher ſhould inquire why the STaAT1CS ihe firat 
Edition of this Sy No p$15 was wholly omitted, it will 
appear to thejudicious Reader not difficult, if he conſi- 
der, that for the moFt part in vulgar Compendiums, 
STAT1CS are wont to be handled alone, being conclu- 
ded to be ſhewn in ſome Chapters of Book the 2 of 
Practical ARI THMERTIC k, Part the 2, which 
is written concerning Politic or Civil AR1TH mM x-þ 


TICK, ſuch alſo as now ought not to be moved from its 0 
Place however in that Diſcourſe which treats particular- 1 
7 of STA TICS, the Intent of the adding of which, we d 
ave given an Account of before, we ſhall find many | 1 
things belonging to this Science to be there delivered it, i 
being aſſigned in order after theOpTics. But. wh if 
6. US ) i 6 

the Author would not cut all things after the manner of i 5 
others into little pieces, and make to each Particle new 8 
Titles of Diſcipline, yea why he rather more willingly, f fi 
Cc 


. ſcattered in ſome Places either an Appendix, or by Di- | 
greſſion, (ſuch as occurs in Book the Firſt of Theoretical  {.. 
ARITHMETIC k, Part the Third of Muſick) the a 
Cauſe he declares himſelf, in the moſt learned Ancient i 
Preface, to which we remit the Reader. But the other A" 
leller Diſciplines ſcattered variouſly through this 8 — 
NOPS1LS we deſire him to learn from the Index which 1. 
follows, and ſo bid him FARBWhkALs 7: 
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hath ys 

fiat 

t will | 7 * 
Ullls, | 

uclu- 

2 of Have carefully, though not curioully, diſrobed the Au- 
phich Þ thor of theſe enſuing diſcourſes, that great Philoſopher 
M E- and Celebrated Math matician Fob. Fames Heinulin, Abbot 
m it. of Bebenbuſan, out of his Latin Velture, and put him into our 
n Engliſh Habit; that ſuch an excellent Piece may not lye Cloy- 


ſtered in the Precinct of a few Principalities, butithat our own 
7, We Nation; and cipecially ſuch of them which underſtand not 
nany Latin, may participate of the Hony, this Laborious Bee hath 
A it, brought to his Hive: If all Reliſh not at the firſt Guſt, the 
fault is not in the Work, but their Judgments which under- 
tand him not, nor the Jewels preſented unto them, The. 
er of # Tranſlation it ſelf was not performed without Labour, and 
new Sweat; partly becauſe the Edition which was made juſe of 
zoly, from Tubing was unperfect and incorrect; partly alſo be- 
cauſe the Author being more intent on Matter than Words, 

: on Things than Expreſſions, doth fometimes leave his Sence 
| to be Picked out by the Analogy of his Doctrine; Tf Moroſe 
the and Supercilious Cenſurers ſhall object, Impoliteneſs, Solæciſme, 

zent A inept Cadencies, © Cobæſions of Words and Sentences; Obſcu— 
ther rites, length of Parentheſes, and other Flaws, uſually incident, 
or at leaſt imputed to Tranſlations. In bar to ſuch Hypercri- 
F ticks, the following particulars are offer'd, viz. That everv 

"ich Language bath its Idiom, which is not properly transferable 
5 to another; That a Tranflator is no Paraphraſt, but being 
| Wi limited 
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| Wi eight, to he conſider d in an abſtracted Manner. 


. ſcattered in ſome Places either an Appendix, or by Di- 
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T1cs, of which the former is converſant only aboutl 
Number, the other about Magnitude; the latter about 
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And indeed it were to be wiſhed, ſince right reaſon * 


' adviſes not otherwiſe, that theſe things had been ſo deli. 
veredl in old time, but becauſe this Method of Hanlll- 
ing, is hither to unuſual, the Author would not too far 
recede from the Old Cuſtom, ſince no Man had dont 
it before him, alſo which he acknowledges ought ſo to bel 
done , but here alſo he, as elſewhere oftentimes, eſpeci. 
ally in deſcribing the Syſtem of the Norld, (in As RO 
NOMY Book 1 of the SY HERR Chap. 3) bath); 
eſteemed to himſelf following nicely ;, if a more diligem 
Searcher ſhould inquire why the S T x T1 c $ ihe fir 
Edition of this Sy NO vpS$1iS was wholly omitted, it will 
appear to thejudicious Reader not 4ſt, 1, he conſi- 
der, that for the moſt part in vulgar Compendiums, 
STAT1CS are wont to be handled, alone, being conclu- 
ded to be ſhewn in ſome Chapters of Book the 2 of 
Practical ARI TH MR TIC E, Part the 2, which 
is written concerning Politic or Civil AR IT HMR. 
TICK, ſuch alſo as nom ought not to be moved from its 
Place : however in that Diſcourſe which treats particular- 


| 1 of STA TICS, the Intent of the adding of which, we 


ave given an Acconnt of before, we ſhall find many 
things belonging to this Science to be there delivered it, 
being aſſigned in order after the Optics. But,why 
the Author would not cut all things after the manner of | 
others into little pieces, and make to each Particle new 


Titles of D:ſcipline, yea why he rather more willingly, 


greſſion,(ſuch as occurs in Book the Firſt of Theoretical | 
ARI1THMETIC E, Part the Third of Muſict) the 
Cauſe he declares himſelf, in the moſt learned Ancient | 
Preface, to which we remit the Reader. But the other 
leller Diſciplines ſcattered variouſly through this 8 y- | 
NOPSLS we deſire him to learn from the Index which Y 
FARBWBLLs | 


done i TO. | 5 
"TETYS 


READ ER. 


Have carefully, though not curiouſly, diſrobed the Au- 

1 thor of theſe enſuing diſcourſes, that great Philoſopher 
and Celebrated Mathematician Foh. Fames Heinlin, Abbot 

of Bebenhuſan, out of his Latin Veſture, and put him into our 
1 Engliſh Habit; that ſuch an excellent Piece may not lye Cloy- 
a" ſtered in the Precinct of a few Principalitics, butſthat our own 

5 6e Nation; and clpecially ſuch of them which underitand not 
zany Latin, may participate of the Hony, this Laborious Bee hath 
d it, brought to his Hive: If all Reliſh not at the firſt Guft, the 
why fault is not in the Work, but their Judgments which under- 
tand him not, nor the Jewels preſented unto them, The. 

7 of | Tranſlation it {elf was not performed without Labour, and 
new sweat; partly becauſe the Edition which was made juſe of 
oly, from Tubing was unperfect and incorrect; partly alſo be- 
cauſe the Author being more intent on Matter than Words, 

cal on Things than Expreſſions, doth ſometimes leave his Sence 
Cal WY to be Picked out by the Analogy of his Doctrine; If Moroſe 
the © and Supercilious Cenſurers ſhall object, Impolitenels, Solæciſine, 
ent i inept Cadencies, © Cobæſions of Words and Sentences; Obſcu- 
rities, length of Parentheſes, and other Flaws, uſually incident, 
or at leaft imputed to Tranſlations. In bar to ſuch Hypercri- 
& ticks, the following particulars are oſſer'd, viz. That everv 

ich Language hath its Idiom, which is not properly transterable 
; to another; That a Tranſlator is no Paraphraſt, but being 
: | b limited 
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14 The Tranſlator to the Reader. 


limited to the Sence, and in great part confined to the words of 
the Author, hath no allowable liberty to make excurſions, or 
to aid any Explanatory Embelliſhments to another Man's 1 
Work: It is his province to write by the Copy before him 
(i. e.) to Veſtigate and overtake the Author's Sence, and faith- 


fully to render it, which J hope is here not unhappily performed. 


Several in French, as Perrault, Herrigon and Ozanam; ſome 
in Italian, as Bonaventura Cavalerius; Others in Latin as De 
hates, Tacguer and Dr. Vallis; beſides many in Engliſh as Mr. 


__AXerſey and Mr. Leybourn and others, have teſtified their love b 


( 
| 
£ 
to their, Native Countries by Publiſhing in their own Lan- 
guages ſuch rare Trealures as theſe ; Nor tear I Detraction from ; 
any, for theſe my Labours, unleſs it be from thoſe, who not 
being Friends to the Publick good, are neither willing them- + 
ſelves to inſtruct the leſs Learned fort of Mankind, nor that any þ 
ene elſe thould do it: Iam not Ignorant of theCourſe of the Ma- þ 
thematicks writ by Mr. Leybonra in Folio, which is the only Book c 
i know, that treats of the moſt parts of the Mathematicks to- + 
gether; which although it be a much larger Volume, and & 
conſequently a much dearer Book than this, yet Iam ſure the . 7 
diligent Reader may find here, ſeveral things which are not Y 
in bis Curſus Mathematicus, and allo the ſeveral parts ſo inge- &@ a1 
nuoaſly connected and explained, as (L had almoſt ſaid) is poſ- It 
{ible to he done; ſo that it may juſtly be ſaid of it, that it inſtructs ¶ ſu 
mach in a few words, The kind reception that my little Book WW ja 
eatituled Melificium Menſionis or the Marrow of Meaſuring hath WW ti 
met with abroad, bath Animated me to the Publiſhing of this I be 
Sy::opfis, which unleſs my Judgment fails me, will prove as ſh 
uſeful a Book as ever was writ of this Subject, in Engliſh: ¶ th 
Which littl2 Book, I mean Mellißcium Menſconis, having paſſed el 
the Second Impreſſion, I do intend God willing to reprint a HA. 
Third, with ſeveral uſeful additions, ſome of which JI have al- Ned 
ready writ, and the Diagrams are drawn and lye by me: I hi. 
ſh1!! not need to ſay any thing more in praiſe of the Author bo 
of this Synopſis or his Work, I leave that to thoſe that Per- Nu 
rute the Boo; It only remains that I acquaint the Reader Hof 
with what I have added in this Engliſh Syropis which is not Min 
in the {ati to make this as ulctul in England as the original Wou 
in Ger ma7y, Viz, at Page 103 and the following, I have com- Wis, 
pared the Hebrew and Grecian Money with the Eugliſp; At & 
page 1131 have added a Table of Equation of Englij Liquid the 
Menſure: At page 117 A Table of Equation for Engliſh Dry- Mu 
moature, at page 118 a Table of Equation of Engliſh Moncy, Co 
alto 1 Table of Equation for Troy-weightz At page 119 a d. 
Table of Equation for Averdupois-weight ; At page 125 a pr 
0 | I, | b & | Table 


1 
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q The Tranſlator to the Reader, 15 
ls of | Table of Equation for Englith Long-meaſure; I have alſo ad- 


9. "22 ded the Verſed Sines, to the Table of Sines, Tangents and 
ans Secants, which the Author makes uſe of often times, altho' 
him the Verſed Sines are not in his Table; I have alſo added to 
üth- the Aſtronomical Tables, A Catalogue of moſt of the clliefeſt 
ned, Cities in the World, ſhewing the temporary difference of 
ome their Meridians from London, with the heighth of the Lole 
De i in each place; Likewiſe a Table of the Oblique Aſcenſions of 
Mr. all the Points of the Ecliptick for the Latitude of London being 
love 51: 32. Alſo I have added the uſe of ſome Tables which 
Lan- were not Treated of by the Author; and whereas at page 
rom gg of Practical Arithmetick, I make mention of Bonaventura | 
not Cavalerius, having adapted his Logarithms to the working of 
em- the Rule of Three in Sexagenary numbers, which faves the La- 
any bour of Multiplying and Dividing thoſe numbers; I have 
Ma- been thinking, if his Arithmetical Logarithmical Table as he 
300k calls it, were continued to 100 Chiliads of numbers (whereas 
S tO- they end now at 10) in the ſame method as he hath conftru- 
and ted it; and a Canon were made of the Natural Sines, 
: the W Tangents and Secants and Verſed fines, ro every Tenth ſecond 
not Minute of the Quadrant, together with the Logarithms ( or 
nge. an Artificial Canon) of the ſame, ſtanding oppolite to them; 
5 pol- It would be the moſt compleat thing extant, and ſuch as I 
ructs ¶ ſuppoſe is not any where yet effected, which would fave much 
Book labour to thoſe who have occaſion to uſe Calculation: I men- 
hath tion this here, that if any Ingenious publick ſpirited Perſon, 
this be willing to be concerned in ſo good and great a Work, I 
e as ſhall be very glad to confer with him concerning it, for I 
liſh: think the buſineſs is too weighty for one Perſon to accompliſh, 
afſed ¶ eſpecially one in my Circumſtance, who am a Tradeſman : 
int a And if to theſe Natural and Logarithmical Tables, were adjoyr- 
ve al- ed the ſaid Authors Directorium Generale Uranometricum, and 
e: I his Trigonometria Plana & Spharica, Linearis, & Logarithmica, 
urhor both done into Engliſh, (which I have both already done) it 


Table b 2 great 
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great Work ought rather to be done by Subſcription, than 
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Definitions 


UMBER is the meaſure of Rk or 
many, collected from Unities. 

2. Multitude, is the di indtion of many things 
bound together by. ſome common band. 

J. Unity is the beginning of Number, according 
0 which, every one of den * are, 18 called 

ne. . | 
4. Numerical Characdets, are 8 Rows or Figures 
by which Numbers are ex preſsd i in Writing 

I. Notes of Numbers are various, and at pkaſure, | 
yet ſome more expedite than others 

2. The Hebrews and Greeks uſe the Flements of 
Letters inſtead of Numbers: The _ uſe oc 
M. D. Cl9..1>, LXII - £5 1 

3. Chan are. now- chiefly moſt. 
expedite, which ſome will mad rh om Geek 5 
Letters corrupt, others from the ee, f Indi er v 
ans; tO PR | : 


I 1 ER T8 OO 1 
4. Of theſe Nous or Figures, th the — Wile 
are 5 gnificative; but the Tenth, 8 omg Na " 
thing, or a Cipher, ah: by it Elf Gyrifies nothing, 


notwithſtanding it fills up a place, and increaſes N 
the + 


N £ 
D , 
— * 4 


. 9 
1 8 > F 1 \ \ \ ann q 6 \ \ 2 15 
5 Book L. 0 Theoretical Arithmetict, 4 811 


the next antecedent by ten times: Whence it can- 
not poſſeſs the firſt place from the Left Hand. 


s 


; "33 VJCUICE-: T1 
WW Fes e 2 iid Nod 44 
5 The Parts of Numeration are, 
„ F Ty een a 
Notation. n.. ik ta 
; Addition; Ly k Pſy .* 1 £343&\05 Iv 


Multiplication © © 11 11 


Subtraction. 
; ' „ >. 5 i a 22 = 


„ 


. Notation, is the true writing and expreſſing of 
or Nany number propoſed. . _ 1 

6. Addition, is the collecting into one, two, or 
more numbers taken ſeverally, which is called the 
Fotal or e- -T EIN 
7. Subſtraftion, or SubduQtion, is the ſeparating 


neg | 
61 df two numbers, by taking the leſſer from the grea- 
err, that the reſidue may be found; or the diffe- 
es, ence of the two given Numbers. ln bs 6 
> 8. Multiplication, is the gathering together the 
re, Number of the Multiplicand ſo many times as there 
de Unites in the Multiplicator; whence is made 
"of Wie Fact or Product. 1.1 art ff 63611 
le, b 


Its Kinds are, | | 
Doubling, Tripling, Quadruplicating, . 
9. Drvi/ion, or Partition, is the finding of a Num- 
er which ſhews by its Unities, how often the Num- 
5 er 1 or the Diviſor is contained in the Di- 
1 end ; whence» the Number found is commonl 


20 alled the Quote or Quotient. 3 26 Strat 
ſes Its Kinds are, 


Ig or Bipartiting, Triparting, Quadri parti 
B 2 Io. A 


Of Theoretical Arithmetick, bart! 

- 10. A Number is ſaid to meaſure a Number, when b 

one ſo exactly divides the other, that nothing re. 

mains: But if there be ſome reſidue, the Diviſor is 
ſaid to divide, but not to meaſure. 


( Theſe are commonly called the Five Particular 
of Arithmetick , the Barbarous explanation where: | 
of is called by the half Arabian word Algorithme. ) A 


11. An Aliquot Part, is a number of a number A 
the leſſer of a greater, when the leſſer meaſures the fa 
greater: So 4 is an Aliquot part of the Number 
re, 5 IE. | 


12. Aliquant Parts are Numbers, the leſſer of th: | 
greater, When the leſſer do not exactly divide th: 
greater, as 3 and 4 with reſpect to 10. 


13. Multiplex or manifold, is a number of 1 
number, the greater of the leſſer, when the greate 
contains the leſſer a certain number of times exad: 
ly, and the leſſer meaſures the greater: As 30 is tht 
Multiplex of 6, which is contained 5 times in 30. 


14. An Even Number, is that which may be d. Fe 
_ vided in the middle, or into two Equal Parts; 6 
d may be divided into 4 and 4. 


15. An Odd Number, is that which cannot le If 
divided in the middle into two Equal Parts, ® 
5. 7. 9. II. Oc. 3 . 

This always differs by Unity from the next even 
number; whence by adding two odd Numbers b 
made an even one. | aero: 

16. In like manner, that is an even number which I inf 


meaſures an even number by an even number: ſuc 
is the number 12, which 6 meaſures by 2. 
| | 17. Alſo 
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17. Alſo an Even Number is that which an even 
number meafures by an odd number: ſo is. the num- 
ber 30, which 2 meaſures by T5. 
18. Moreover, an unequal Odd Number is that 
which an odd number meaſures by an odd number ; 
as the number 15 is unequally odd, becauſe the od 
number 5 meaſures it by the odd number z. 
19. A Perfet Number, is that, of which all the 
| Aliquot Parts taken together are equal to the whole, 
and reſtore it: ſo 6 is a perfect number, becauſe its 
: = qa Parts 1. 2. 3. being added, reſtore the 
ame. | Aiming bog cnet org 
And there are found but few Perfect Numbers 
among a great many great ones, to wit, from 1 to 
40000000, only theſe. Fs 


6 
2228 < 
496 
' Sh. N 1 
wy. 120066 
* | 2096128 
5 ...... 33550336 
30. All the reſt are abundant or deficient ; and all the 
4 perfect Numbers begin by turns from 6 and 8. 
5 {0 — AND EREEOITS — | — | 8 
Requeſts or Petitions. 
t be | 7 ft | 
„ 1. That to any Number we may take a greater. 
2. To any numbers, how many ſoever, we may 
even take their Eqiials or Multiplexes. 
15 5. Therefore although à fumber cannot be divided 


infinitely, but it will neceſſarily at length be dimi- 
4 niſhed to individual Unity ; yer all number may be 
hicn infinitely increaſed by Addition. 

| i 83 : Axioms 


HED 


TM 


ADD. a 9 


[ / 
= a.  * 
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Axioms and ieh 


Fo gu 8 . or taken i 
25 h che total, or 5 er wh 3 


wil ir he nan 


2. If equal things to 9 7" or un bal to 79 in 
| Kings 3 added or taken away, the nog =. the Syt 


remainder alſo will be unequal. wh 
3. The whole is greater than any of its parts, and . 
is equal to all the parts taken together. | n |. 


4. Unity meaſures every number by the number lik 
it lf: ſo 1 meaſures 7 by 7. : 


5. Every number meaſures it ſelf by unity; ſo fo 
meaſures it ſelf by 1. 


6. A number meaſuring other numbers, meaſures Nadd 
likewiſe their compounds: As, becauſe 4 meaſures mei 
8. Th I6: it allo meaſures 36 the Fact of 8. 12 Cre 
and 16. 8 


7. A number 3 any her number, it mea- 

ſures alſo any number which that meaſures ; As, be- 

cauſe 4 meaſures 8, and 8 meaſures 24. 32. 40, E 
4 alſo will meaſure the ſame. 


8. A number that meaſures the whole, 1 that 
which is taken away, will alſo meaſure the remain- 
der: So becauſe 4 meaſures 32, whence if you take 
away 8 is left 24 : 1 85 becauſe 4 meaſures 8, it wil 
alſo meaſure 24. te 
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THEOREMS, 


1 OH1E 


Nit i 18 belts FT My 855 all num- 
tt Try. for from it all numbers do ariſe” and 
in it all numbers are reſolved : Therefore tis the 
N Symbol of God: from whom: 1 MAP are, and to 
f whom all things r return. 


and] 11 Among infinite numbers na one is like bis 
"bur every one differs. So in the innumerable mul 

titude of Creatures produced from God, no one is 
wer] like to another in every reſpect. 


3. Unity is ſubject to no mutation; for whatſo- 


0 ever is changed, is changed into ſomewtiat divers 
07 from it ſelf; thewhich Unity hath not. 


4. Evety number is Mutable; for Unity being 
Ures ded or taken away, it is not. any longer the for- 
ures mer number: So God only is Immutable, but all 
12. Creatures Mutable, being deficient when God takes 
away his Spirit: Like ae 174 oh 


5. Unity being taken away, it neceſſarily follows 
Nat all numbers are taken away. 4 


6. Tis een for Unity to precede ar. num- 
ber, which if Jou be ignorant of, you knqyy : not 
the number. 

Therefore they, are not very wiſe who begin the 
generality of things from number, and take away 
take Wall Science. | 


will * In Unity all . are ©: Vitrually, alk 
they are Infinite. So all things are in God, in him 
> 0. ſy live and move. 


p B 4 8 Seven 
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wes £2 4% * 5 
ant vs: 


* 1 
8 Seyen is a Sacred Number, 


Scxipture. Bi 
It ems to have its'Origind 
Unity of Divine Eſſence, and 


of the Divine Perſons among themſelves: Whence 
Deſcription of a Sl be 
by Human 


e * 


alſo 
fible, and cannot be known 


* 


9. Ten is the Ima 
pher added to it, 
4 returning to 


? 


after 10 repeat t 
manner. { 6 | 


* 3 


he firſt order 


* 


. 
„ 
N * 

© 


» 


4 — 
5 


1 V5 
& &@ £4 


produce Odd; but Odd both 
are either multiplied in them! 
they produce even : and they 


bers, if they are multiplied with even; hence a 
ways more worthy than an Eve 


Odd Number is al 


as God alſo delights in an Odd Number. 
1 A 2 1 ine ee 


11. The number 8 continually multiplied „ tht 
together among them 


Figures ariſing, being added 
ſelves, they always decreaſe. 


eint 


x x * 
3 - oy 


ge. of Unity; for, o or a Cy 
ignifies Nothing, and it denote 
Unity, even as all numbers, adde 


10. An Even Number is the weaker 
Number the ſtronger. : for Even Numbers cannd 


\0 Part]. 
chiefly uſed in Holy 


1 ir 
Minds. 
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Od 


dan 
produce Odd, if the 


ſelves, or being mi 
roduce even n 
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CRY 


The mane, 8 multiplied. | The i ariling 
A1 Mo JN Wer N 
en . 8 Da — — ens | An 'q d, as, 1 0 6 
eso 1 N a - n "_ — 7 18 7: 2 28 4 is 
. Fri vt SED LES — 1 6 6 | 14 8 x 2 is 


Rn * 12 {A 3 
| 2 
\ | J L 6. * > 
; ; we & %\ £Þ 
* ; A 3 i * — of - 7 13 N 4 
1 4s 
C 9 — 
| 4 Ar 9 0 
oy ; * 4 4 — 4 0 291 
ITY 


12. The * 9 2 ables. the 
Figures ariſing being added to "= 90 55 the e Ene 
- nds remains, and  produges E Oe 


© Example, t e ONT 1 yd. fer 
Ther nud 9 multiplied. Its 2 ale of 
| ©»; the figures ad- 
| gn 9 ded, 4 1K 5 


Therefore 0 SETS 8 is the 8 de of Death 
and Deſtruction: And the number 9 is the Symbol o ß 
Firmneſs and Conſtancy : In the middle of the 9 = 
numbers, the numbers of the right hand are changed = 
W of the left hand, and they go backward 1 
in order. 


"PRO 


PROBLEMS. 


0 dec are a Nas Ae d Fi ures, 4 A 

L FT and jt a7 Nu to expreſs "dy Few ters 

The Solution of this and of all the other Problem 5 
is learnt much eaſier by lively inſtruction, than by 


dead and dumb Letters. Therefore wee ſhall only; 
int at the ehief things which are to be obſerved; M... 
eaving the reſt . 8 the $kilful infor- . 


Mer. a | hav 
The hinge to be attended i in : this place are, 


1. The order. of numbers, proceeding from the 1 * 
right hand to the left. Whey 
2. Every three Figures are diſtinguiſhed from the n 
reſt by putting a {mall daſh between; and every 
Gets: after the ſmall daſh is noted by a prick or 7 
point. Goring oft 
3. The firſt Figure of the three is efteemed for Hof. 
fingle, the other for decuple or 10 times, the third of? 
for Centuple or 10 oo times, 2 the fourth being no: 
ted with a point 1s eſteemed as Millecuple or 1000 1 
times; the foremoſt of which, if there be any, con- N 
ſtitute Myriades or 10 thouſands il in the ſame order. I 
4. But larger numbers are by ſome pronounced left 
rherwiſe, the moſt ſimple manner, is, if the two Þ - 
ormer points are pronounced, by thouſands of thou- une 
lands; to the ce word — 2 18 * re- f 


peared. dy wt: 5 8 col 
| The 8 19705851 by X Vers #King of the ll bg; 


franc, which he led forth againft the Greeks, was 
$43; 28 3 | 220, 111 
| n 


5 


. THEQUERICAL Arif vc IT 
may an thus 1 5 Five thouſands of thou- 
ſands ; —— hundred ac thee? — two 
hundred and twenty, heads, 8 1 


2781 Y 
» 4% 


— „ e | 
1A debtor cen d oftei che 22 2 ; to ler 
ters may de tranſpoſed : and var 15 a 


1 1:24}00017371777 ies ol o 
5 * the word ( . times) 
in the 18 5 times repeated. u ur times; 2 
"9 terwards: palling by the Cyphers) ?ris twiee repeat- 
ed : the es placed between · che ſmall ſtrokes 
have each — value aſſigned: and the two laſt 
points is pronommced by thouſands oft thouſands and 
i t Ur Y 
the! Wis) = Example Fig exOmi;n 5:18 3 
"| * EY excooling many times the number of 
the Toner) is this, 


44 I 


the * op na, 777 
ery MELEE 41929, that is. 
0 Five hundre tit f our thouſand of thouſands 


of thouſands ; Four hundred twenty three thouſands 
for Wof thouſands: Seven hundred Fourry ur thouſand, 
ird Wof Stars the Heaven doth not contin. AST 200 


)00 Il. To add 4 number 70 4 nunler, or to (coll Mas. 
on- y inio one SU. i nf 215 
. 1 5 The order proceods from the right hand. to the 
LC elt. | 
wo 2. Thefi nal are inns 99 fi ngle, the tens 
oU- under tens, and the hundreds. under hundreds. 
re. 3. The right Series, or Rank of like numbers ae 
collected into one sum. 

4 A line being drawn underneath, the firſt: iter 

of the collection is ſet under the firſt Rank; if there 


wh be another figure tis numbred with the fi ures of: 
it ihe e following Rank, e 1 


nd 


i 'M Trepe e, 


S ww. Chrojiolagical' xample. 
From the beginning of the World't to the? 

e Flood, are 99 a 656 6 
To the calling of Abraham... 0368 
To the giving the Law ——0429 
To the Temple of Solomon——=——0479 2 
To the firſt ion of it 0427 0 
To its Reſtauration 0184 8 
To the Chriſtian E 00h ———— — 0420 
To the year Compleat nn 10% The 
22 7 f The Sum. From the beginning 9 


of the World to this tims i is 5663 years i 


14> ©" The Exammation of Addition. 


Of the numbers added ſubtract each from the 6 


Sum, if o remains the Sum is right. 


III. To Subtract a leſſer Number from a 3 | 


and to find the 4 N of” them, or the re. 


 mainder. | 


I. The order 1 from tis vir band to the 


left, taking the leſſer number from the greater; the 
greater number being placed above, the leſſer be 
2. Like numbers in the Wund are writ unde 
their like, that are o be Subducted. 
. The lower being taken out of the upper, and 2 
Une drawn, they are writ under the ſame ank. 

a. If the upper be the leſſer, ten muſt be added in 
we mind from the antecedent hgure, {tvted againſt 
_ point) to be taken together. 

1. Mal! it muſt be leſſened by unity in che follow: 
an operation, becauſe of this mutual borrowing, or 
giving, and if there be Cy phers, it nen be accoun 


ted or 9. 5 f 
xam. 


$\ 
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Ans * 


mple I. 
11 i 2 the Deluge or Flood? - 
ng of the World 663 
t, is ere Wan ; 


r e e 


This i Subtrafted dem that YEW 3 9955 
And ſo many years it is from the r to this pre- 
| ſent year of ws 1 7 a | EE f | 
rel How many years(i it fince Chrift Suffered: ? A4. 
as. 
wit The year e re As compleat— 1700 
thel We number from the beginning of the World—566 3 
Chriſt Suffered ; in the year of the N 997 
ter This taken from that, there remains s yea? | 1665 
re- ſince Chriſt Sula — — 8 


_ 


7 = | III. | be 

the The Minorand — 62001 anne 

8 © 0143 © BG Subducend— I 998769346 

De- es 
I The Difference and | Remainer-60902233443 3 
der TY - we Fr] 
d a 3 The ene of Subirellion. —— 


5 The Remainer added to the Subducend, if the Sum 
in makes the Minorand, tis right. i 


1 
IV. Two Numbers. given, to 1 one by the ot ber, | 
-. or to draw one into the other. 


To the performing of this, the forcknowledge of | 
lingle Multiplication is required, to wit, of ſingle 
ae with fingle : the Deſcription of which may 

this. 


2*- 


Part f 
— 


'O © 
mY! 
— — 
— 

D 


10. < I0——TI00| 


The Table of Pthagoras, likewiſe ſhews the ſame 
Multiplication. . 


4 CI 


9 | 10. 
8 


. 


OH 
00 


to 1 
0 41 

| an 
184841 


3 3 2. 1.3 
. 4 1 9.24.2822 | 36 | 40:1 
il 5 110 [15 [29 |25 30 | 35 | 40 | a5 | 50 | 
| 15-12 | 181-24 3 | 36 | 42 | 48 | 541 60 | 
i | 14 | 25142 [49] 55 [83 | 50 


Bekl! Of Tec! Airb. x 
1 Theſe things being teknown. 
; 0 5 order is - from tlie right hand to 
„che left. der inn 
2. In fignificative Figures, the firſt Figure of the 
Multiplicator is writ under the firſt of the Multi- 
| plicand, the ſecond under the fecondz and fo on. 

3. Each Figure of the Multiplicator muſt be 

multiplied by every one of the'Multiplicand, and 
a line being drawn underneath, the firſt Figure of 
the Product is writ under the Multiplier, the other 

ö - * in memory; and added to th follotving Pro- 
duct. CO 4+ Fes = 2911 5 'Z 
5 4. Laſtly, all che Preducts are collected into one 
sum by Additione< r ell en 


i ; 7 L C 3 i SEES 
! > 6-2 1 
Ao or figure Nothing, begets nothing, notwith- 
ſanding it poſſeſſes its place. 


| Therefore Cyphers at the beginning are cut off 
before the Operation; and after the Operation you 


n 
Multiplicand - 5972 


e e ee 


— 


Products 23688 
eee n v0. ORORET. 
The Sum — 2648399 © ; | 


eL 
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| Of Thentedital kad 


a . 
ron nn Ke IE 11 0 
«Lond ' Multiplicand 5e n 

©? ae Ns * . b 7 mo 

BOAR — — 402 * 


* 
＋ N 7 ea 1 7 


#1 : 

2 11 
18 ns N 

th. %# 1 34 1 


8 
rr 0 
2 18 7 : Ft 
we . 


wi X et 


* 
un "The Sun-<185149 DP * | 
- 5 0 4 f? 1 3 — abewilb. —_ —_—_ 85 1 
„ Erenple III. 1215011 
1 = 3951 
Soars ey _— 


J * 7 L 191100 94. 


The De A wo 


Examp E IV. Nin 
eee 891 12] 
———— 11 00 


* ” rw 


The Produtt——y789r 12 000 1 


V. To Divide one Number 77 ern, or to Dy fire 
hui one into another. Ht ' 

1. This order is contrary to che former, pibeegd : 
ing from the left hand to the right. 

2. The firſt figure of the Diviſor muſt be writ 
under the firſt —— of the Dividend, If 1 it be leſſer, 
but under the ſecond if it be greater. 

3. Seek how many times the firſt. fonts of the 
Diviſor is contained in. the Superior figure of the 
Dividend ? and write it in the NET after the 
3a > - nne ay : 

4. Multiply the Di the Quotient, an 
ſubſcribe the Produ and el be LB. 

5. The ſame Froduet alſo youmult ſubtract from 
its 2 of. he Dividend. 1 

. The 


»;+ E ® ut. 
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6. The Retainer being fubſeribed under che line 
drawn, adjoih another figure of the Dividend. 
7. The Diviſor being removed one ſtation, repeat 
this Proceſs, until all the figures of the Dividend be 
waſted. 7110 N, * r 

8. If there be a remainer after the Diviſion (which 
muſt be always leſs than the Diviſor ) that muſt be 
adjoined to the Quotient alſo, yer diſtinctly, to which 
the Diviſor mult be again ſubſcribed; making a daſh 
between. N . 

For this Remainer is a Fraction, or part of the Di- 
vidend, either an Aliquot or Aliquant part, which the 
Diviſor denominates. | 
1 CAUTIONS. 

1. Beware that the Quotient be taken neither grea- 
ter nor leſſer than juſt; which being multiplied into 
the Diviſor, may produce a number either equal, or 
next leſſer to the Veenicat or number over it, to be di- 
vided, that ſo Subttaction may be made. 

2. If the Diviſor, being removed, and the ſuperior 

Vertical, or upper number, to be divided, be leſs than 
. tte Diviſor, you muſt write a Cypher in the Quotient, 
Itter the Lunula, and aſſume another figure of rhe 
3 Dividend, and remove the Diviſor forward. 
El COMPENDIUMS. 
1. Unity, as it doth not Multiply, ſo neither doth 
divide, but reſtores the Divdend it ſelf, yet cutting 
- 8 many Figures as there are Cyphers belonging to 
the Unity. —_ 
2. The extream Cyphers of the Diviſor under the 
" at figures of the Dividend are rejected, and the Ope- 
ation inſtituted by the ſignificative figures only, un- 
il you come to thoſe Cyphers, whoſe Verticals are 


ng al to be added to the 'Remainer. 

m . the Diviſor be 2, then you inſtitute halving; 
lake half of the Even, but the laſt unity of the Odd is 

ne {[-ounted for 10, and muſt be adjoined in mind to the 

| lowing figure, | C 


4. if 
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— ms 8 Lic 
Werd may be _— out. 


The r 445 (893 3} 
The Diviſer - — 241] 
192 


be placed « 


aeg. IL 


| The Diridend=77446392 (2704 
* The Divilator 2864. 
| 5728 


20166 
2864 
dn 


— — — 


BY 


** 
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21 118 1 
N ll © 14 * hs 44: 
f * * 
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the mind 4 and the de. 
over the Di. 
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\Theoritical \ Abithmitich. 
Des Example III. £ 
Dividend——679842 (235 4423 
Diriſer 23 % 


46 


219 


Beck. 


— 1 


; Ul E. 
207] || 
„ 
5 375 
11500 
; 1342 
_ . Example IV. by Helving. x 


Diviſor is 2. 192100452335 + this 22 the 


Example V. Of a Diviſor of one Figure. 
Ta (1 


| Dividend=#7SA42# (226473 4 
Diviſor — Z 33333 
Example VI. Of a Diviſor of two Figures. 
” nn | 
RZZB(3 
Dividend 45g 7 ( 1956 43; 
Diviſor——ZA4 AA | 
AZZ 


Note, If when, as ſometimes it happens, a leſſer 


number is to be divided by a greater; for Example, 


le a Fraction of a — 
| N | 


3 by 4, place the leſſer above the greater in this 
manner 4, and you have done, and the Quotient will 


The 


doch, you need not doubt. 


Nigg! 
Tb Examination of Diviſion. | 


Multiplication and Diviſion examine each other: 
For. 33 


In Mitiiplication. : 


If the Product be divided by the Multiplicand, it 4 
roduces the Multiplier; if the Product be divided 
y the Multiplier, it produces the Multiplicand. 


I Diviſion. 


If the Diviſor be multiplied by the Quotient, it W. 
produces the Dividend, but you muſt add the re. 5 
mainer again, it there be any; unleſs it produces the 
Dividend, you have committed an Error; and if it 
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N i Fa 
To x » # 
\ td F.. 
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1 3 1 
5 7 
0 V 
% 4 * , 
nn a 
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e 
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* a TY 
* % 
5 * 
W : . 
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wy a © . * 5 14 = N + 
Buck I. J CG, * 1 1 4 1 a 


The Firſt Book of 
” heoret tic al cithmetick : 


ww 9 V. d- — 10 


10 an 1 And its Second Part. 


Definitions. . | 
N 2 Number is chat whereby we num- 


ber whole things. 
2. A Fraltion or Broten Number, is that als 
we aſſign for a part or parts of any whole thing. It 
is alſo wont to be called a Mite or Fraion, becauſe 
theſe. things are broke into ſmall parts: And they: 
are uſually writ with two Terms or Numbers, with: 
a ſtroke or daſh between them, of which the upper- 
mot is called Nm, and the lowermoſt Denom:- 
num. e 518 27 

3. Numeruror; is the lane Term of the Fra- 
tion, ſhewing how many Aliquot parts muſt be ta- 


ken. | 7936375 
4 Denominaior is the inforics Tem of the 8 


| tion, diſtinguiſhed from the ſuperior by a ſmall line 


between them, ſhewing into how ow yOu the 
_ or whole thing is IR 2 


Example. 


Numerator— 34691 
Denominator- 458 102, Cc. 


5. A Facfion of a Fraftjon, is that whereby not 
an Integer is deſigned, but a part of a part, or the 
parts of two diſtin Fractions, the leſſer being placed 
before, diſtinguiſhed-by a Comma from the greater. 

T4 Frxomp.. 


22 DEFINITIONS f PN. 
> » obkenplh.)! 
nee fo of one Int But 8 
is a 2 raction al en ſhip ing i e Fo 

of one Half, or of two Fourths. 

. Lt Prime Munber, is that whith Unity only 7 
meaſures , or it divides it exactly without any 1 thing Ah 
SEATING 3 muen a7 72 er. 

7. Numbers d :mſelves, all .. 
which Unity only meaſures, as N 4 ,., 
ge end 

8. A Componttd Number, Nn t which ſome 0+ 
thit Number meaſures beſides ity, as 10 5 for 
J and 2 and 5 meaſure 10. 

9. Compound Numbers between 1 are 
thoſe, all of which another Number alſo will mea- 
ſure, beſides Unity : ſuch are 8 and 12, for both are 
meaſured by 1, 2, and 4 

10. The greateſt jon Meaſure, is the oreatcſ th 
Number of them, by which the given Numbers, 
compounded between themſelves, are exactly divi 1 
ded: As go and 24 may be divided exactly by 1, Gi, 
by 2, by 3, and — ut 6 is the greate Com 
mon Meaſure of them ; for no greater Diviſor can 
8 by which 90 and 24 can be exattly divi- 

ed. by 

Il. The leaſt Common Nis , is 2 Number . 
compounded; the leaſt among thoſe — wall ex- frſi 


attly divide the given Numbers. 6 
WEN, | whi 
Exanple. | 8 


There are two Numbers given, 13 and 273 by the 
_ theſe two, more Numbers may be divided exaculy, the 
to wit, 1404, 1053, 702, 351. But this laſt is the 7 
leaſt common Dividend which can be divided by 13} gure 
and. 1 beneath Which no other can be found. be d 


Axiom 


Book 1 7 beoretical Kane. ; 


ke 


- Axiojns 1 Maxims. 


Te 2 'meakyres every Ren N TW 


Whence it follows, that all Even Numbers are 
compounded by and among themſelves, except the 


Number 


% The Number : 3 ttieaſures every Number, whoſe 
Numeral Fi . collected together may be divided 


exactly by 


As the Number 5439, the figures collected cor- 
ſtitute 21; which, becauſe tis diviſible by 3, the 
R alſo 5439 may be divided by 3. 

The ſame property is of the Number 9. 

So becauſe 4869 make 27, a number diviſible by 9, 
therefore alſo 4869 may be divided by "Fae; 

4. The Number 4 meafures every Number, whoſe 
. firſt figures, numbring from the right hand, the 
faid Number 4 meaſures. 


9 b 


69816, the two firſt See # 16 may be divided 
by by ; therefore alſo the whole. 

The Number 5 meaſures every Number, whoſe 
fl figure i IS 5 or o: ſuch are 4715, 1600, 3430. 

6. The Number 6 meaſures &very Even Number 
which 3 will meaſure. 

So the Even Number 4362 is meaſured by 3, by 
the ſecond Axiom : therefore 6 will alſo- meaſure 
the ſame, fince it is an Even Number. 

7. If of a propoſed Number, three of the fult Fi- 
. numbred irom the figiu hand, the halt mav 
be divided by 4, the W ne Number may be divi- 


ded by 8. 
S 4 | Examp. 


ALES 


Part Il. 
Example. | 


The —_— 658368, the half af the three firſt ¶ it 


figures 18 exactly he divided by tv 
43 Thee de lie Whole in wiſe may be 
meaſured by 8. 

8, Parts or Frattions whoſe Denominators encreaſe, i 


they derrenſe in quantity. oo po 
90 b the Fracti ions + 7 Is 33 1 the A ez 75 


Wen e pO eateſt of the 85 


Ven. 


24 PROBLEMS. 


cS4y ©,- 


ale f 7 
5 among PETER 2 Seite 16 4 4 wut its 
Numnerator! iS he ene of the Ban ER? 


PROBLEMS. 


T of 720 Numbers. given, to know whether or 15 
they are F or ee N then. 
ſelves. D 


1. Divide always the greater by the lefer both I. 
in the given, and in the remaining Numbers. "2 
2. If Unity remains, they are Primes : If Nothing 4 
remains, they are Compounds, 3 


I 

Example IJ. Ste; 

| Given the Numbers 1 34 and 49, and you would 5 
know whether they are Primes or Compounds. oy i 


Then always divide the greater by the leſſer. Nin 
134 (2 274 Alt. | 10(3 Not 


49 25 13 i oY 9 man 
98 11 — 26 — 0 4. 
3 13 | — 83 4— be 1 
36 | ; 10 i H : 1 | Nur 


hen 
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Then becauſe after all. the Diviſions, I remains, 
it follows, that the given Numbers are Primes be- 


tween themſelves. | 


Given the Numbers 330 and 13 5, of which you 
would know whether they are Primes or Com- 
pounds. Sg 1 Fa * | L 


f 


| 1 
4 . 3 —— — 
Always divide the greater by the leſſer. 
1 | 
330(2 | 135(2 |, 60(4 
>; ( bow 2487 Is þ 1000: bi I 
„Heth. öl n, + [$5007 


Then becauſe after all the Diviſion, nothing is 


left, it argues, that the Numbers given are Con- 


pounds between themſelves: The ſame is done, if 
one after another you Subtrac the leſſer from the 


greater, until you come to 1 or 0. | 

II. O given Numbers, being Compounds between 

 . themſelves, whether they are two or more, to find 
the greateſt Common Meaſure. 


1. Of the two given Numbers, always divide the 
greater by the leſſer N 
2. The laſt Diviſor, waſting all even to o, is the 
greateſt Common Meaſure. | 
3. With this compare the third of the given 
Numbers, if you have a third Number, and proceed 
in the ſame manner: and alfo proceed in the ſame 
manner, if there be more than three Numbers. 
4. For then the laſt Diviſor, all being waſted, will 
be the greateſt Common Meaſi::z of the given 
Numbers. | 
5 Example. 


oof Fart 


»6 PROBLEM 


Given two Numbers . the common f 
meaſure of which is ſought : divide the greater by Þ . ; 
the leſſer, in this manner. =... 7 
234 (1 144(r | 9go(r | 54(t | 36(2 diy 
144 | go || 54 26. 48 
* Z — 1 — 1 — 13 36 anc 
go- „ | 35 18 " 

5 \ g 5 3 | 

Then fince the laſt Diviſor ( all being waſted ) is iſ 
18; it is the greateſt common meaſure of the Num- 
bers 234 and 144 ; you may effect the ſame thing tha 
by the continual Subtraction of the leſſer from the or 


greater. 


III. Given two Numbers, or more, to find the leaſt 
: Common Dividend of the ſame. 


1. In Numbers that are Primes between then: 

Sebves. a 

1. Multiply the two given Numbers in them. 

| 88 and if there are three, the Product into the 

third. | : | | 

- 6 The laſt Product is the leaſt Common Divi- 
end. = 


In Numbers Compounded between themſetues. Ni 


I. Firſt find the greateſt Common Meaſure. 
2. By this divide the reſt of the given Numhers. 

3. Multiply the Quotient into the other of the 
given Numbers. | | 
4. The Fact will be the leaſt from each Dividend, 
with which if you compare any third of the given 
Numbers in the fame manner, you will have the i<t 
leaft Dividend of the three given Numbers. ler 


E ram l. 


the 


end, 
ven 


2 


— Arichwetich. 17 
8 5 Nuke 27 an = 4 
Their Common Meaſure is 9 7 
By which the given Numbers deine and 5 
died, RE III ————_—— . 
draw Elthier 3 in 45, or 518 272 , 


and E Con Den”? Y 
W mo Dividend. 5 ES. 


* 195 2 


IV. To find; z be Quantity 4 Bretton” 
1. oY Fraftion is either greater, or equal, or leſſer 


than an Integer; even as the Numerator is greater, 


or equal, or leſs, than the Denominator: ; *is thus. 


1 To the Inte ger. . 
Greater. Equal. Leſſer. at 


76 7 'J +: 1 1 3 


4 Fraction that is Stelter x an and equal to 
n. Birger! is ſpurious, unleſs it be reduced: 0 the 
nteger. 
N * And to find between two roper Fraftions, 
which is greater of leſſer : Work 
I. Draw the Numerator of one lit the Denomi- 
nator of the other Crofs-wiſe. 
2. Of which, that which produces the greater 
Numerator, is the 8 


"$M 


'B xample. 


There are given two Fractions, XZ. 

By Multiplication they make 48. 49. 
Then fince the Numerator 7 produces the grea- 
ter. Number, I concluce that the Fraction 4 is * 


4 


ier than - 


v. To | 


7 
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PROBLEMS Path 
= To change one Fradlion into another. 2 


8 1. To change 4 Fraffion that is ear than, e d 
ape? to an Juan into an ata | | 


„ 


as for 4 put —— irn. p 
2. If the Numerator be eater than the Deno- 
minator, divide it by the leſſer: ſo 3, will be 2 f. 


2. To tranſpoſe or. change an Integer into a Fre v 
mn no certain Denominator being tuen. N 


* Example. Hos > 0 
101 the 1250 5 ſubſcribe 1, in this manner 4. 


** 


3. To change an Integer into a Fratfion of a cer- 
- tain Denomination given. 


1. Multiply the Integer, for Example, 5, into the 
Denominator given, which ſuppoſe 4. 


2. The Product will be the N umerator of the gh 


* 1 T Xs 


ven Denomination, to wit, * Þ 


4. To reduce a | greater Fraffion, to the le Terms 
us are Equivalent. 


For one and the ſame FraQtion ma be expreſſed 

divers ways, among which, that is moſt noted which 

hath the leaft Terms : Therefore, 6 N 
7. If all the Terms are even, half them as often I <0 


as you can: As, * 
92 6: $ · the 
64... 32 1 . 2 min; 


All theſe are one and the ſame Fraction, among WIL 
2. If . 


which the leait + is the moſt notedſt. 


74 


ong 
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g. If the Ferms have Cyphers annexed equal i in 


Number, caſt” them away; As, 


222 is the fame as . , 


3. 11 the Terms of a Fraftion given are Cons 


pounds between themſelves : Work thus, 


1. Seek their greateſt common Meaſure. 
2. By this divide the Numerator and Denomi- 


nator, the Quotients of which will thew the leaſt 


Numerators and Denominators. | 


Exam le. IRS. 106A, a 
23 hath the greateſt Common Meaſure 24, by 
which being divided it produces 4+ : 


NOTE. 
But if the Terms of the FraQtion given are primes 


between themſelves, they cannot be leſſened any 


further, as * and Fe 2. 


5+ To change one Fraclion into another equal to it, 
of @ certain given Numerator, or Denominator, if it 
may be done. 


I. Let the given Fraction be 5 
to anorher whoſe Nu umerator is 9. 


to be changed in- 


1. Multiply the Denominator of the given Fra- 


tion by the new Numerator given, to wit, 4 by 95 


and it makes 36. 

2. This Produdt divide by the Numerator 3, of 
the given Fraction. 

3. The Quotient, to wit, 12, will be the Deno- 


nh of the deſired Frattion 32; which is the ſame 
wit 


2. Let ns given zFraRtion 5 ay to be wi in- 
to ONE whoſe Denominator 12 


I. Mul- 


x —— —— 
n . 


i | 
15 
i 
1 
| 
; 
! 
| 
: 


= 
© — — — — . = th a RE k F 
T5 * 2 * > - 
— as Bad a: - xk * . 
w—_— * r * 447.1505 ML 2 7 3 2b $i tho 
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PROBLEMS of pate 
1. Multiply the Numerator of the given Fracti. ſl 
on by the new Denominator given, to wit, 3 by 12 f 


and it makes 36. 

2. Divide this Product by the Denominator of 
the given Fraction 4. ; 

3. The Quotient 9 will be the Numerator of th 
defired Fraction 2, being the ſame as 8. 


Note, If the Product cannot be e divide 
there can be no change made. 


6. To reduce a Number mixt, of. an Integer ande 
Frattion, into one Fraclion. 

1. Draw the Integer into the Denominator of the 
adhering Fraction. 

2. 8 the * to the Product: Thus 31 


are 3 


7. 5 ven a Froffion 1 4 Fraffion into one 0 
Fraction, with reſpett to ſome Integer. Hh. 10 
1. Draw the Numeritors one after another into ws 
themſelves, and 1 in the ſame manner the Denominz- 
tors alſo... 

2. The Products will give the Fraktion of an In N 
teger, cee er them both: ſo from 3 4 ae t 
made 122: If you have a third Fraction, with this, 
and thoſe, work 1 in the ſame manner. 


8. To reduce tc Fraclions 0 F divers Denomina- 
lions, or alſo more; to others 0 we ſame Denomine to 


tion, equal to thoſe. Ez 
I. Caſe. = 2 Im 


Tf two only are given. 


7. Draw the Denominators into each other, and by 
you will have a new Den common to both 20 
F ractions. 7 ef ecoeraironal 

2. „Mul- 


12710- 
in- 


and 
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2. Multiply the Numerators into the Denomina- 


tors Crofts and place the new Numerators 
duced, inſtead of the fortier. oo 


Example. : 
10 
Given two Fractions — Js. X — 
The Denominators 3 and 5 drawn/ AA 
into each other make the o mmon 15 
Denominator- — rn nmr 
And the Numerators drawn Cos wie into the 
former Denominators make 10 and 12 for new 
Numerators. | 15 15 | 


II. Caſe. | \ 
If there be given three Fractious. 


1. Draw all the Denominators into each other, 
to wit, the Firſt into the Second, and this Product 
into the Third, that you may have a Common De- 
nominator. 

2. Divide this by each of the given Denominators. 

3. Draw the produced Quotients into each of the 
Numerators ; and it will produce new Numerators 


to be placed over the Common Denominator. 


Example. 


Let the given Fractions be 344, to be a 
to the ſame Denomination, 


1. Draw 3 into 4, it makes 12; nd I2 into 5, 
makes 60 : which number will be the Common De- 
nominator. 

2. Divide this by the given Denominators, to wit, 


by 3, 4, 5, and you will produce theſe Quotients, 


both 20, IF, ; $- 8 


\ul- 


3. Diaw 


3. Draw (or multiply) theſe into 2, 3, 4, to Pu! 
wit, the given Numerators, and you will produce 
three new Numerators, to wit, 40, 45, 48, to be pla- 
ced over the Common Denominator; thus 42 [45 [2 2, 
which Fractions are equivalent to the given = | + | 4. 


Note, Firſt, If the given Denominators are Com- 
pounds between themſelves : Then, if firſt you find 
their greateſt Common Meaſure by Problem the ſe. 

_cond ; then their leaſt Common Dividend by Pro- 
blem the third. And laſtly, work according to this 
ſecond manner, you will produce Fractions of the 
fame Denomination in the leaſt Terms. 2 


4 Example. 
Let there be three Fractions 3 |+7, to be redu- 
ced to the ſame Denomination. 

If then, without the greateſt Common Meaſure, 
and the leaſt Common Dividend, you work after the 
manner of the ſecond Caſe, you will produce theſe 
eee rs 


"" 22S. 260; 7.26. 8 

. Equivalent to the given 4 5:2. 
„ R WT. ee at 
But if firſt you ſeek the leaſt Common Dividend 
of theſe three Denominators, which is 24, you will F 1. 
have it inſtead of a Common Denominator, and then F 2. 
proceeding as above (in Number 2 and 3) you will 
have the ſame Fractions in theſe leaſt Term. 


— 3 To 
k 3 12. | 15. 14. 8 \ 5 : I 7 1 1 I 
. pe 


This reduction of the divers Denoꝑinations to the 
ſame, is neceſſary, if you would collect many Fra- 
tions, either to be added into one Sum, or 1 
Y " L 6 f U — 


- 
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« _ ag® 
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pubtracted one from another; for without this nei- 


her can be done: But the reduction being the 
ung is performed as follows. 
? 


VI. To add Rubi of one Demmin. 
Add the Numerators, and tis done, as x2 and : 


e +I 


« wv 


VII. To $ abtrat Frafions of « one u Do wbinimations, 


ne from another. 


Subtra& the leſſer Numerator from the greater, 
Ind you have done what's required. 


E xample, 
From +2 7 take away 2, and there remains 18. 


VIII. To Ab any Fraftions by others. 


That is done by drawing or multiplying the Nu- 
erators into the Numerators, and the Denomina- 
rs into the Denominators, in "this manner. 
Multiply 3 by 2, and it makes = 


IX. To Divide one Faction by anoi ber. 


1. Invert the Terms of the Diviſor. 
2. Then multiply, and you have divided; 


» xample. 


by 
; by = by inverting the Tams of the 


— 


\ 
=> * 0 > - l = — 2 
* 3 — I "tt * r K _ N wrt . HIS. g 6 nc A 
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34 FW Part III. 
The Firſt Book: of 


And its Third Part. 


| Of P roportional Numbers. 


Definitions. 


1 8 in Numbers, is a certain mutual Ha. 
bitude of two Numbers according to quanti- 
ty. In Greek *tis called Analogy ; in Latin, Ratio; 
in Engliſh, Reaſon or Proportion. | 

2. The Antecedent of Proportion, is a Term which 
refers to another. 

2. The Conſequent, is that to which another 5 
referr d. 

That is writ in the firſt or upper place; this in 
the ſecond, or lower place; having no ſmall line or 
daſh between them, that ſo they may be diſtinguilh- 
ed from Fractions, with which in many things they ¶ Do 
agree. : . N fc 

And Proportion is either of Equality or Inequality. 9. 

g. Proportion of Equality, is between two Equal glea 
Numbers, as 5. 5 | 

5. Of Ineguality, between two unequal, as 3- Mit. 

That is of one Kind: This, of the greater or lefler 
inequality. To 

6. The Proportion of greater Inequality, is when 
greater Antecedent is compared with a leſſer Corr 


7. T he 
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7. The Denominator of Proportion, (which is 155 
called the Quotient or quantity of Proportion) is a 
Number writ like a Fraction, expreſſing the Habi- 
oy * one Number to another, diftinly and ma- 
niteitly. | . e 
In Proporticn of Equality it is always writ 2, 2, 
but in Proportion of Inequality it is a double Num- 
ber like a Frattion, either ſingle, or of an Integer and 
Fraction mixt. 1 57 1111 

| 7 Kinds of Proportion, of greater inequality, 
ie we: 


. Multiplex. 4. Multiplex Superparticular. 
U. Superparticular. 8 
. Superpartient. | 5. Multiplex Super partient. 


8. Proportion Multiplex, is the Habitude of a 
rater Number to a letter, when the greater Num- 
er contains the leſſer ſome times exactly, ſo that 
{ Diviſion be inſtituted, nothing remains, as 2, 


r 1s Bas 
1 The Denominators of it are, 

8 | | 

e Of E „ 

ill. 1 

they © Double, Triple, Quadruple, Quintuple, Sextuple, 


N fo in Izfinitum. 

9. Proportion Superparticular, is the Habitude of 
greater Number to a leſſer, when the greater con- 
ins the leſſer once, and moreover one Aliquot pirt 


3 

2 a 5 

leſſer The Denominators of it are, 
when CC 
Con 


One and an half, One one third, One one fourth, 
& one fifth, Ec. ad inſinitum. 


22 io. Pro- 
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10. Proportion Superpartient, is the Habitude of 

2 greater Number to a leſſer, when the greater con 

tains the leſſer once, and moreover. ſome Aliquot 

parts, expreſsd by Numbers that are Primes be 

tween themſelves. 1 
uperbipartient, Supertripartient, Super quadrupar. * 

Thirds. * Fourths. Piffhs. 


I 5 WE * 


tient, Superquintupartient, Superſextupartient. | 
Fiettts. „ and Jof An 

ad Inſinitum. 
Note, That Aliquot parts ought to expreſs Num. 
bers, that are Primes between themſelves : For if the die 
are Compounded, and are Meaſured alſo by a 
other Number beſides Unity, another kind of Pro. 
portion ariſes : Example, the Proportion betwee 


9 and 6 is not rightly called the Proportion 1 }, 0 fa 
_ Supertripartient Sixths; becauſe 3 and 6 have all nati 
a common Meaſure beſides Unity, to wit, 3, for 
once taken Meaſures it ſelf, and twice repeated it 
Meaſures 6 ; therefore 3 mult be reduced to its leaf 
Terms 2; and ſo the Proportion between 9 and If 
makes 1 2, that is Seſquralter. | with 
11, Proportion Multiplex Superparticular, is H Prop 
Habitude of a greater Number to a leſſer, whe Tj 
the greater contains the leſſer a certain Number o Geo 


times, and moreover one Aliquot part of the li] 15 
ſer. or m 
| The Denominators of it are, each 

2 3. 3 % 5 „. 
Double. Triple. - Quadruple. Quintupl 
Se/quitertia, Seſquiquinta, Seſquiſeptima, Seſqunon 
12. Proportion Multiplex Superpartients, is tl 


Habitude of a greater Number to à lefſer, whe 
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Ill. the greater contains the leſſer a certain Number of 


times, and, moreover ſome Aliquot Parts of it ex- 
e of 3 2 » 5 - * 
preſs d in Numbers that are Primes between them - 


be The Denomin inators of | it _ | oy 5 
Wee ee 7 | 


Double. Triple. -Quintuple. 
far. Superbipartient, Super quintupartient, Superſextupartient. 


Thirds. Sixths. Sevenths. 


13. Proportion of leſſer N e is when the 
41 Antecedent, being a leſſer Number, is compared 
o with the Conſequent, being a greater. 00 

Its kinds are ſo many, as of the Proportion of 
greater Inequality, which are advanced likewiſe in 
the ſame manner, only ſetting or writing before 
the Particle Sub, as, Proportion Subduple, Subtriple, 
Subſeſquialter, Subſuperbipartient. £12 þ 

14. Proportionality, or as ſome call it, the Half 
of a thing, or the Middle between two. is the com- 
paring of Proportions : 


Example. 


If we compare the Proportion between 12 and 4, 
mth the Proportion between 9 and 3, where the 
Proportion is on both parts Triple. 3 

The more noble kinds of this are, Arithmetical, 
Geometrical, Harmonical. 

15. Aritbmetical Proportionality, is, when Three 
or more Numbers have the ſame difference from 
each other, but divers Proportions: And this either 
continually, without interruption; as, "1 


2. 4. 6. 8. 10. 12. which is called Arithmetical 
Progreſſion. | LEP 
*D 2 Or 
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Or ſeparately, in an Interrupted Order; as, 

TP 0 EN TNETTE n;” --- | 
" '76. Geometrical N is, when Th 
or more Numbers have the ſame Proportion between : 
themſelves, but divers Differences; And that alſo . 
either Continual, as, 2. 4. 8. 16. 32. 64. 128. 


Which is called Geometrical Progreſſion. 
| Or ſeparately, as, 2. 4. 6. 12. 18. 
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17. Harmonical, or Muſical Proportionality, is n 
when three Numbers having neither the fatne Dit-M , 
ference nor Proportion, are ſo ordered, that the 7 
Proportion is the ſame of the greater to the leſſer 
as the Difference of the Greater, and of the Mean 
is to the Difference of the Mean and of the Leaſt. 
Such are the Numbers 3. 4. 6: for between 6 
and 3 is double Proportion: the difference betwer 
4 and 6, is two; between 4 and 3, che Difference is 
1 ; between which Differences 2 and 1, the Propor- 
tion is likewiſe double. 1 


2 N — — 
THEOREMS. 


I. TF tbere be Proportional Numbers what ſoc ver, 
eben as one be Antecedents is to one of ir 

Cnſeguents, ſo is all the Antecedents taken togethtr, of 

io all the Conſequents taken together. 


5 Example. | 
2 to 4; likewiſe 6 to 12, and 7 to 14, are in Sub 
duple Proportion. 
Therefore alſo 2. 6. 7. taken together, to wit, I) 
they have the ſame Proportion to 4. 12. 14. take! 


2. II be 


together, to wit, 30. 
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2. If there are four Numbers Proportionul be- 
rween themſelves, they will be alſo Proportionals, be- 
ing alterned or changed; if, to wit, the third is ta- 
50 + a of the ſecond, and the ſecond inſtead of 
the third. | 


As when 2. 3. 4. 6. are Proportionals. 
Alſo —2. 4. 3. 6. will be Proportional. 


3. If four Numbers are Proportionals, the ſame 
will be Proportionals alſo when they. are Inverted, 
or in a contrary reaſon 11 to wit, the ſecond is ta- 
the firſt; and the fourth 
inſtead of the third. | i 21 roaeet 20 
Example. T6001 
Becauſe — 2. 3. 4. 6. are Proportionals. - 
Alſo———<—3. 2. 6. 4. will be Proportionals. 
4. If four Numbers are Proportionals, they will 
alſo be Proportionals in a compounded reaſon ,, if, 
to wit, the two farmer be taken jointly alike, tage- 
ther with the firſt or ſecond ;, and the two latter ta- 
ken alſo jointly alike together with the third or 
fourth. DE 1 5 
As when — 2. 3. 4. 6. are Proportionals. 
Alſo- ———-5. 2. 10. 4. will be Proportionals. 
Likewiſe=—5. 3. 10. 6. will be Proportionals. 


5. If four Numbers are Proportionals, the exceſs 
of the Antecedents to their e will be 

ortzonals, to wit, by divided reaſon, or being 
divided. 

Example. 

Since — 3. 2. 6. 4. are Proportionals. 
Alſo—— 1. 2. 2. 4. will be Proportionals. 
Or alſo—2. 1. 4. 2. will be Proportionals. 


6. If four Numbers are Proportionals, they will 


2. He Proportionals alſo by = Converſion of Reaſon, or 


4. Evert- 
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4 * r e. | | 1 I 
Everting the Profortionality, if you compare the An. 
tecedent with the Exceſs, whereby the Antecedent 


© Pray, banda, + lan 


exceeds its Conſequent, as, 
Alſo———ro. 6. 20. 12. will be Proportional. 


7. If three Numbers with other three have ſuch 
Proportion, that as the firſt is to the ſecond, ſo rs the ff 7 
fourth to the fifth : And as the:ſecond to the third il © 
Jo the fifth to the ſixth, : It will be alſo, As the firſt 
to the third, ſo the fourth to the ſixth. "KEN 

N . Ne 

Let there be three Numbers —=—2. 4. 6. 

| Proportionals to theſe three — 3. 6. 9. 
So that it isas-—————2 to 4, 80—3 to 6. iN 
And 48 —— — — 4 tO 6. 80—6 to 9. 

Ir will be therefore alſo, as 2 to 6, So—3 to 9. 


8. If four Numbers are Proportionals. the Number 


* . 


which is made from the. firſt and the fourth drawn 


into themſelves, will be equal to that which is mai: 
from the ſecond and third drawn into themfelves, 


3 nne 
Let there be four Proportionals— 7. 8. 14. 16, 
As 7 drawn into, or multiplied by 16, gives 112. 
So alſo 8 drawn into 14, gives 112 


9. If of four Numbers given, the firſt is to the 
fourth, as the third to the ſecond ; the facl from the 
firſt and ſecond, will be equal to the fa from tht 
third and fourth © | 


Example. | \ 
There are given four Numbers, 6. 4. 8. 3. dun 
Becauſe between the firſt and fourth there is dou-F'he | 

ble Proportion, as alfo between the third and the etw 


ſecond z therefore alſo as the fact from the firft and Fifth 


Tecon 


1 


Is 
dou- 
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ſecond is 24, ſo alſo the fact from the third and 
fourth will conſtitute 2429. 


* * 


PROBLEMS. 
J ROM any two Numbers given, to find the 
| Proportion of the ſame by finding the Deno- 


Minator. 


1. Divide the greater Number by the leſſer, if 


nothing remains, it is Multiplex Proportion, and of 


_ kind, the Denominator of the Quotient will 
11 Example. 
What is the Proportion of 21 and 7? 
It being divided, the Quotient is 3. 
Shewing the Proportion is Triple — 1. 


2. But if after Diviſion, any thing remains, that 
will be a Fraction to be added to the Quotient, 
which being reduced to the leaſt Terms, will give 
the Denominator, and the Proportion ſought. 


Example. | 
What Proportion is there between — 8 
Numbers | 88 
It being divided, the Quotient produces 3 +. 
Therefore the Proportion is, Triple, Supertripar- 
tient Fifths. 


Note, Proportions of the leſſer Inequality are 
found in the ſame manner; but in expreſſing them, 
the Particle Sub muſt be added, as the Proportion 


d the between 5 and 18 is Sabtriple, Subſupertripartient 
t and tifths, 1 NE. 


xcond 


II. Any 


— 
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II. A two Numbers being groen, os Propor 
tion between themſelves ; to find the Root or 
leuſt Terms of the ſame Proportion, which 2 
be expreſs'd by more Numbers. 4 


1. The Proporti on being found by the Denomi: 
nator of it. by the precedent Problem. * 


2. If the Quotient be ſingle, having no Fradtior 
athcined, put Unity over or under it, according as 
the Proportion is of ws me or leſſer Inequality, and 
you will have the Terms. 


3. But if a Fraction adhere, being reduced to the 
leaf Terms, convert it into one Fraction, with the 
Integer, and you will have the lealt Terms of! its 
Proportion. 


25 Example. 
1. Of the Proportion between? 
The Denominator is ————— WY 


Therefore the leaſt Terms iS——_—z 


2. The Proportion between 
The Denominator is 
By Reduction to the leaſt Terms 24 


Therefore the leaſt Terms are. f; 


Noe, If the Proportion given be of the leſſer In- 
equality, the Terms found are to be inverted. 


— the re Terms of the Proportion—;; 4s 
3 3 9 | 


TEE. | 


WI. The Jraft Terms of any ebe being givei, 


to mncreaſe the ſame Infinnely. 


tion 


1 In- 


vel, 


zulti- 
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Multiphy both the Antecedent and Conſequent 
Term of the Proportion by the Number by which 

Let the Proportion given be Sgſqui Seprima, be 
tween 8 and 5 : If you would have it in Terms 
Quintuple greater, multiply both by 5, and it pro- 


duces 35. 


| IV. An Proportion being given, and from a certain 


Term, enber the Antecedent or Conſequent ; 
Tb find the other Term to the ſame, in the ſame 
Proportion. „ 


1. Multiply the given Term by the oppoſite of 


the Proportion given, via. the Conſequent by the 
Antecedent, and the contrary. 

2. Divide the Product by the other Term of the 
Proportion given. | | 15 
3. The Quotient will agree to the given Term in 

the ſame Proportion with the given. 


Example I. 
Let the Proportion given be double Se/qurtertia-7. 3. 
And let there be given for the Conſequent Term--24. 


What is its Antecedent in the ſame Proportion? 
Anſw. Draw 7 into 24, and the fact divide by 3, 


it produces 56; and the Proportion will be the 


lame beteen 56, 24, which is between 7, 3. 
Example II. 
Let the Proportion given be Seſqui Eighths—9, 8. 
Alſo the Antecedent Term 36. 
What is its Conſequent in the ſame Propor- 


tion? 
Anſe. 
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bers, by Problem the Second. 


44 PROBLEMS:'s Part III. 
Anſw. Draw 8 into 36, and the Product divide 
by 9, it produces the Conſequent 32. G O 
Therefore there is the ſame Proportion between 
36, 32, as between 9, 8. 
Note well. 1. The Proceſs is the ſame, whereby 
one Fraction likewiſe is reduced to another of a gi- 
ven Denominator, or Numerator ; Concerning which 
we have ſhewn above in Part the Second, Problem 
the Fifth, Member the Fifth. 835 
2. And that you may ſhun Fractions, ſuch an An- 
tecedent muſt be given, which is Multiplex of the 
Antecedent ; and ſuch a Conſequent as is Multiplex 
of the Conſequent, in a given Proportion, and then 
will be produced the like Multiplex alſo, of the Pro- 
portion given, to the Term ſought. 


V. The Denominators of two Proportions being given, 
to know which is the greater. 


1. Reduce the given Denominators to their Num- 


2. Multiply the Antecedents Croſs-wiſe into the 
Conſequents. EE. f 

3. Whoſe Antecedent produces moſt, that Pro- 
portion is the greater; the ſame as you have above 
in Part the Second, Problem the Fourth, Member 
the Second, concerning Fractions. 721 


. 


| Example. | 
There is given Se/quralter 1.4, and Syperbipar- VII. 


tient thirds 14; Which is the greater? 


Anſw. The Denominators reduced to their Num- 
bers are 3 and 3: Theſe drawn Croſs-wiſe into them- 
{cives produce the Anrecedent of the former 9, 0i 
the latter 10, therefore the latter 1s the greater. 


FI. Groen an Arithmetical Progreſſion ; to find the , 85 
| A 


Sum of all the Terms, 
Arithmet ical 
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Arithmetical Progreſſion, is, as aforeſaid, when 
many Numbers follow one another in the ſame Ex- 
cels : To find the Som of the gent Artificially and 
„— 


The Practice is this. 
1. Add the firſt Term to the laſt. 
2. Multiply the Sum by the Number of Terms. 
3. Half the Product is the Sum of all. 


Example 1. 


1.8. 3. 4. 5.6. 7. 8. 9. 10. II. 12. 13. 14. 15. 
The firſt Term added to the laſt makes 16 
This drawn into the Number of Terms 15 
Produces ——— — 240 
Half of this is the — —— 120 


E imp II. 


3. C. 9. 12, 1 18 21. 2 27 
The firſt added to the laſt makes 30 
This drawn into the e of Terms 9 
Produces —— — 
Half whereof is the Sum, to wit, —135 


VII. An Arithmetical Progreſhon being given in 
Numbers aſcending, with the difference of the 


fame ; To find the Number of any Term. 


Example. 


Let theie be given a Progreſſion in three Terms, 
alcending by 3, as, 4. 
And the Number of the eln Term: is ſought. 
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Work thus. 


1. From the Term deſired 12, take away 1, and 

you leave 11. 
2. Multiply this Remainer by the Difference of 
Terms, which in this place is 3, and you produce 


33. 
3. To this Produtt add the Number of the firſt | 
Term. ſta 
4. So you will have the Number of the twelfth | 


Term, to wit, 37. 


VIII. A Geometrical Progreſſion being given : to find 
the Sum of all the Terms. © 


1. Leſſen the Denominator of the given Propor- 
tion by 2 
2. By it, ſo leſſened, divide the Difference of the 
Extreams ( found by Subtraction. ) 
z. Add the Quotient to the greater Extream 
and you will have the Sum ſought. 


E æample. 
Given a Progreſion, i in Proportion Triple. 
2. 6. 18. 34. 63 


The Denominator 3, unity being taken away, is 2. 
The difference of the Extreams ——I60. 
Divided by 2, gives the Quotient 80 
Which added to the greater Extream, 3 2. 


The Sum of all. 


IX. 1 Number being given in Geometrical Proereſ- 
ſion, from any former, to a certain diſtant 11 
Terbdl; 


terual; to find another, which ſhall be ſo much 
diſtant from the given, as the given is from the 
former, both being underſtood incluſtuc. 


Example. 


Let the Progrefſion be double, 
2. 4. 8. 16. JN Os | 
And a Term is ſought, which is ſo much di- 
ſtant from 64, as 64. is from 8. 
1. Draw 64 into it ſelf, and it makes—4096. 
2. Divide the Product by the other — 8 


to wit. — 
7 The Quotient will be — 7512. 
The Term deſired in the Ninth Order. 


IX. Given three e of Arithmetical 
Proportionality ; to find the Harmoni- 
cal from them. _ 


1. Draw the firſt of the Arithmetical Proportio- 
nlity into the ſecond, and it produces the firſt of 
Harmonical Proportionality. 

2. Draw then the firſt of the Arithmetical into 
the 8 and it will produce the ſecond Harmo- 
nical. 

3. Laſtly, Draw the ſecond Arithmetical into 
„ Ie third, it will produce the third Harmonical. 


- | | Example. 
The Arithmetical Proportion—3. . 7. II. 
_ 


Makes the Harmonical Propor-2 21 
107 — roane money — —— £ 3. 77. 
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48 | 
(And this kind of Proportionality is called Mu- 


ſical, or Harmonical, becauſe the Numbers of it, 


for the moſt part have thoſe Proportions in which 
Muſical Harmony conſiſts) 


Example. 


Theſe three Numbers, 3. 4. 6. conſtitute Har- 
monical, or Muſical Proportionality : for between 
6 and 4 is Proportion Se/quzalter, conſtituting the 
Harmony which is called a Concord of 5 Notes, 
or Fifth. Alſo between 4 and 3 is Proportion Se/- 
_ guitertia, conſtituting the Harmony which is called 
4 Concord of 4 Notes, or the Fourth. Laſtly, be- 
tween the Extreams 6 and 3 is diſcerned Propor- 
tion Double, which conſtitutes the Eighth : And 
_ the lame manner you may perceive in many 
ones... 


** 44 +5 Py 1 « 4 * * . * , 


Concerning the P roportions of Sounds uſe ed 


in Muſick in our Time. 
: f HA the Lovers of Muſick may 
b 


ave the Proportions in view, of 
all Sounds uſual in our Mufical time; 


PRO BLEMS f Part III. 


The 


we thought it convenient in this place G 


to expoſe the Harmonicks of the Inge- 


nious John Kepler. 
I. Of 


40C kI. i 
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I. Of the Intervals of Muſick. 


— 4 


The Mawes 1 The Signs. 2 | Proportions. 
: e 2 tupartients 
| ; . < | f. [135]One Hundred 
half Note. Ge. Ce.] fe. 128 Twenty Eighths. 
5 E 
114 quarter B. | de. | 25;Se/q#1 Twenty 
8 Tone. H. e. 24 Fourths. 
| | half Tone. Jy: ſe 2 160 Seſqui 
y | B. C. 15 Fifteenths. 
. 
de. | 
| To] Seſqui 
9] Ninths. | 
9. See ut =» 
8| ehh, | 
, 
6 Seſqui 
5| Fifths. TY 
| 5 Seſqui 
ce Creater. JH. | e. 4 Faun. 
e- | | 
dur Notes . Seſqui 
[ Fourths, C. LE 8 Ce Y Tide 
1 


£1 : 


raum 


3% PROBLEMS of 
The. Naw: 1The Signs. : wi þ Proportions. 
ive Notes, Fl 1 » 1 28, 4 88 
or Fifths. d. e. f. g, H |. 5 
A Sixth G. A. 8 Superrriportient 
L? eſſer. Del f. 5 7 Fils 0 
A Sixth G. 4 3531 
Greater. e. | fe. 3% Thirds. 
| x 2 
A Seventh. | G. [9 * 
* 7 Hvevenths. 
| Eight Notes. | G. a Double. 
or Eighths. | g 1 
ö 2, The whole Compaſs of one Eighth. 1 
Ife Names of the] Te The © 
Leaſt Intervals. Signs. Numbers. | 
T half Note. G. 2160 
A half Tone. Ge. | 2048 
A half Tone. A. | 1920 
A quarter Tone. | B. | 1800 
A half Tone, H. | 1728 | 
A half Note, | C. |] 1620 | 
A half Tone. Ce. 1 1536 | 
A half Tone. - hs 
A quarter Tone. | e. 1296 
A half Tone. f. 1215 
A half Note. | fe. | 1152 
A half Tone. |} g. I 1080 
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"| And of theſe, and alſo of the former Numbers, 

the Reaſon 1s this. 8 | 
Conceive in mind ſome Chord in an Inſtrument, 


or the String of a Lute extended, and comprehend- 


ed between two Bridges. : MINDY 

Underſtand it in the former Deſcription of par- 
ticular Intervals, to be divided into ſo many parts, 
x the Antecedent Term of Proportion, or the grea- 
ter Number ſhews. 

Then the Conſequent Term of Proportion, or the 
kfſer Number, ſhews how many of the ſame parts 
ought to be to the Note or Sound, diſtant to the 
Interval from the next. 


1 > 


Example. 


If in the Interval of five Notes, ſome Chord or 
Sting ſounds G. and underſtand its whole length 
o be divided into three parts; they agree to the 
Note d. five Notes from G. diſtant two parts of 
the ame: Whence if from three parts you touch 
oe with your Finger, and, as it were, cut it off 
tom the remaining Chord, it will Sound the re- 
Miner of the Chord or String d. 

But in the latter deſcription of the whole Com- 
pals of an Eighth, if the whole Chord or String in 
ſome Inſtrument, be underſtood to be divided into 
2160 parts, and it will Sound the ſame : For 


E xample, G. 


Hence if we ſeek how many of the ſame parts 
gee to the Tone or Sound d. which is diſtant from 
US by five Notes, I find in the Table 1440. 
And it is between the Number —— 2160. 
And the other leſs than this——1440. 
The Difference is — «20677 
f E 2 J here- 


— — 


_ , * | 

52 PROBLEMS F Part lll. 
Therefore ſo many parts being cut off by the Fin. 

ger from the whole Chord G. the remainer will 


* 4 


ound d. mon - } 
And the Proportion between 2160 and 1440, 56 
Seſquialter 1 2, which is between 3 and 2. th 


in 
XI. Three Numbers being given, to find a fourth, 


which is to the third as the ſecond to the fit. 
c01 


This is the Golden Rule of Proportion, commonly ic 
called, The Rule of Three, and tis direct; of which M! 


this is, | 36 

The Pratice. of 

1. Of three Numbers given, Multiply the third Pou 
by the ſecond. | | 


2. The Product of this Multiplication divide by 

the firſt. C717... BET <- 

3. The Quotient arifing is the fourth Numbe 
fought. | « „ 


Example. 5 
The Sha-] Is caſt from a How many Feet high | Af An 
dow of Pole, or Stick ids Tower whoſe na. , Fee 
| © dow is 125 Feet? | 
10 Foot | of 6 Foot, 5 


Some Caitions to be Obſerved. 


1, The fuſt and third Numbers of the give 
ovght to be Homogenious, and of the ſame th 
and name: Therefore if they are Heterogeniou 
they muſt be reduced to Homogenious. 

2. Ottentimes Integers, or mixt Numbers, are 
be changed into Fractions, and Fractions of dive 
Denominations to the lame Denomination. 

2. Oftentimes before the Operation of the Gol: 
Rule, many other Numerations, Additions,” Sub! 
&ions, Multiplications and Diviſions are to be inl | 


ruted ; all which Examples and Uſe will teach. 
Exam 


. Example I. 
Fin. A Gallon of Wine | Coſt | What Coſts a Fat 
7 I. . IO. 1. 
* In this Example the Fat muſt be reſolved into 


Callons 360, that the third Number may agree with 
the firſt; therefore the Numbers mult be placed 
in this manner. TR 

5 I. 10. 360. | 
j And the third Number being drawn into the ſe- 
_ Meond, 22 3650 Shillings, which ſhould be di- 
only MW nided by the firſt Number 1; but becauſe 1 neither 
hich Multiplies nor Divides, a Fat of Wine, containing 
360 Gallons, will coſt 3500 Shillings, at the Rate 
of 10 Shillings a Gallon ; which being reduced to 


Pounds, is 180 pounds. 

| But if we ſeek. 
Fat of Wine | Coſt | What coſts Gallon ? 
| I. 180 /. I. 


For this we muſt ſay, . 
Gallons | coſt ſhill. } What coſt Gallon ? 
360 3600 | I 


zu And the operation being made, it produces 10 5. 
Fee Examp. II. 4 makes 5, What makes -? ? 


In this caſe multiply 4 by +7, and they make 435, 
rhich being divided by 3, that is by 7, ro wit, by 
merting the Fraction, and multiplying, it produces 
S . 
"WY Example III. If 2 makes 2, What makes 2 ? 
Reſolve the Integers into Fractions, ſaying 2 
mkes 3, what makes 3 ? the Operation being made, 
produces 4. | 
Example IV. If 25 make 5, What doth 5 + make? 
lere we muſt reſolve the mixt Fractions into fim- 
le, and ſay : If g make 5, What doth make? 
ind the Operation being made, it produces e, 
lat iS 13 22. 
E 3 Exe . 
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Example V. 


One ſells of a heap of Wheat ——3 & 2 
And he hath remaining, Sacks —— 
We deſire to know how much Wheat he had | in 
the beginning ? 
I. Reduce the Fraftions to the ſame Denomina- 
tion, and they make 3: and +4. 
2. Since the parts taken from the whole are twen- 


ty parts, the whole muſt needs be 2 


3. Hence take away 3. and 5 that is 33, and 


there will be +7 left; fay then: If 2 makes 5, 


What makes 32 ? Anf. wy or 65. 
Or without Fractions. 
If 7 makes 35, what makes 13? Arnſw. 65. And 
fo many Sacks che Man had at firſt. 


. f Example VI. 


Half an ounce of Silver coſts Shillings 2+. 


And three Drinking Cups C A. 123 
A. B. C. weigh 3, 16 5 
Half Ounces Ge 23 + 

Now we would know the price of theſe three Cups? 


Work thus : 
1. Gather together the Integers weight of the 
Curs into one Sum, which is 51. 
2. Reduce to one Denomination each FraCtion an 


_ rex'd to the weights, to wit, 


| 24. 6. 
+ 5 6 to * 


2. The Sum of theſe by Aar: on, produces 4+, 


T7, 


4. Add chis to the former Sum of the Integer, 
and it makes 52 * then, 


Hall 


ups! 


the 


1 all- 


$ 
) 73 


geld 


Hall 


Pöhl. 


 _.  Theoretital driehonerich. 
Half ounces Coſt Shillings What Coſts 
I "2+ | - 52+ 


JJ 080 


Anſ. 231, that is, Shillings 130 4, or 6 J. 105, Iod. 


XII. From three Numbers given, to find a fourth, 
which ſhall have ſuch Proportion tot eff, 
4s the third to the ſecond. 


This is called the Rule of Reciprocal or Inverted 
Proportion; its uſe is, As often as the values of 
things increaſe, the things themſelves decreaſe, and 


the contrary. 
Ihe Practice thus. 
x. Of three given Numbers, multiply the firſt in- 


to the ſecond. 
2. The Product divide by the third. 
3. The Quotient will be the fourth fought. 


Example J. 
Yoke of | Plow a Field _— _ _ will — Aſter. 
ſame owed in wi 
Oxen in Days Yokes x 4 Oxen In days 
6 4, | 8. 3 
Example II. | 
Work- | Finiſh a certain - Ron many 33 Anſcoer 
e lame wor Di- 
Men | Work in days | by idk 1 
10 45 40. 1, 


Note, To theſe Golden Rules of Proportion, A- 
rithmeticians have added four other Rules, as, | 

1. The Rule of Society, or Fellowſhip. 

2. The Rule of Double, or the Co ;npornd Rule 
of Three. 

2. The Rule of Alligation. 

4. The Rule of Falſe. 
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Fears : 


; 
of the Rule of Society, or Fellowſhip. 
T* Rule is uſed when many being entred into 


a Society, they put in divers Sums of Money 


to the common Negotiation: And the Gain of each 
Man. is ſought, either with, or without _ — 
cumſtance of Time. 


I. Example without the Circumſtance of Time, 


N — A. 60 J. 8 5 have 5 What ought 0 A. 


B. C. con- each one to | 
— together 8 ae gained have of the B. 


ſeveral Sums, 45 4. Gain, C? 


In this Caſe reduce the contributed Money into 
one Sum : then to the part of each of the Contri- 
butors, the Rule of Proportion is to be thrice re- 
peated, in this manner: 


2135 20 5. 


The Sum of the three Products agrees with the 
ſecond 45, therefore the Operation is Juſt. 


3 FS 9 7+: 
If 295 gain 45 what C100? Anſwer, wy LE, 


II. Example with Circumſtance of Time. 


Two have gained 60 /. and the firft Man A. put 
in 5a J, for two years x the other, B. 15 J. for tive 


How 2 ought each to have of the Gain ? 
In this Caſe, 
1. Draw 


TS © 


he 


ut 
we 


av 


Ti wal Ari 1 ick. 57 
1. Draw me times of each, into the Sums con- 


tributed, to wit, 
2 into 50, which makes _ 
5 into 15, which makes 7 


2. Take the Sum of theſe, which is 75. 


Say then, 
175 gives 60, what 55 . 3 Hy 
I L 


The Golden Rule C ompound. 


| S that whereby we aſſume from pairs of Num- 
bers, ſingle Numbers made from them. 


Example. 


If 4 Men ſpend @ 19 J. what will 2 8 Men in 
in Months 3 S be ſpent by— $ 9 Months? 


Draw then the Pairs into themſelves, ſaying, 
If 12 makes 19, what makes 72 ? Anſi. 114. 
Another Example. 


18 Horſes eat 9 In on 1 many 2 will 24 quarters 
quarters of Oats days cating J ſerve 18 Horſes ? 


The Pairs * Sa into themſelves, ſay, 
If 162 make 12, what makes 432? Anſw. 32. 


5 1 


— T „ — — 


8 III. 
The Rule of Alligation. 


T* 18 Joins ſeveral things together 


at one Fries. 
| I. Exanp. 
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88 Theoretical Arithmetech. Part Ill 
In which the price of the things to be mixt, and 

alſo the price after mixture is given 
A Veſſel containing 160 gallons of ( A 12 
Wine, is to be mixt of four ſeveral JB x: 

| forts of Wine AB CD, of whichYC 8 

the price of one gallon is, of. (D 63 


And a gallon after tis mixt ought to be worth 
9 ſhillings : How much therefore muſt we take of 
each Wine ? 1 . 
1. Seek by Subtraction, the difference between 
the price of the mixt, and each of thoſe to be mixt. 
| To Bo. 3 
Example between 910 1 
3 8 which is : 
E > 3 
2. The Sum of the Differences ——8 
Say then, . 


Anſwer, 40 


60 


3 
— — 


1 7 — PEI N R — - . - — — 
e q —. _ . — W 5 , — — — 2 
. Ln RI 4% c 8 oo noe — —— 
ow bf IT IEEE = 2 . — — — 
I ͤ 2222 » 2- etog te CE tb" oy . — 3 —— —— — 
” 


— 
— 
— — — 


If 8 makes 160, what 
makes 


VI ww Wi V9 


II. Example. 
In which the Price of the things to be mixt ar 


given, but not of the mixt, whoſe price is ſought. 


C60 125. C720 What vil 
To be mixt de IO. Which drawn : of the prices 
Gallons 555 of Fin themſelves, one gallon 


| Wine 8% make 160k be afterth 
60 x0 Ss 2350 Imixture. 


Sum 160 | I 
IF Say then, mT 

j If 160 makes 1440, What makes 1 

[ Anſwer, 9 Shillings. 

1 Tv. I 


4 


en 
ct. 
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*. Rule of F ALSE. 


W Hich teaches from Falſe things put, or m0 p- 
poſed, to A ne. | 
e. 


* the falſe Numbers ut, be both of them Desti 


ent, or both exceeding t True. 


7. SubtraQt either the Exceſs, whoſe Sign is 4 
or the defect, whoſe Sign is —, the leſſer from the 
greater, and the Remainer reſerve for a Diviſor. 

2. Multiply the falſe Numbers aſſumed, one into 
the Exceſs or Defect of the other. 

3. Subtra& the leſſer of the Products from the 
greater. 


4. Divide the Remainer by the reſerved Diviſor ; 


and the Quotient will be the Number ſought. 


Example 4 


There are CA The Sum of DAB 500 What is the 
3 Numbers Cite Num-<BC 7 6 Number of 
unknown Cy bers is —— FAC 609 each ABC? 


Where obſerve, If one be known, to wit, A, the 
reſt will be known; let it be then, 


Poſition I. „ 
Aſcribe to A 16 | Aſcribe to A 18 
Then will $B 341 Then will 5B 32 
"de C 36| be 2 
The Sum of A C 52 The Sum of A 2 F< 


It ought to be=—60 
The defect therefore 8 | T he defect the: _ 4 
CI 


doen — 
Cn Fs — * 
- Ir, K 22 


; 
, 
Y 1 
U 
9 
} 
4 
4 
4 
, 7 
+ 
: * 
4 4 
. 
= 
: * 
i 
75 * 
N. 2 2 
1 * 
n =$ 
; L 
7 
4H 
: I 
1 
| le 
X31 
. 
b&t) 
# 
<1 
Ci 
1 
Eq. 
1 L 
1 
jj} * 
4 i 
$ 7; y! 
= 
1 
1 
* 
1 
be: 
; — 
i 2 
121 
Ell. 
LA 
4 Su 
1 
3 
We 
1 4 
ma: 
» | 
218 
_ +7 
1 
/ 1 2 
f 1 
? 15 
14 * 
if 73 
t; Fa 
1 * 
_ 
11 } 4 
1 
= IT 
© = 
l i 
1 «| 
ot 
3 
14 
NA 5 
. . 
8 
0 


6 | Theoretical Arithaetich, Part III. 
Then for finding the true Number. 


1. From the greater defect ͥ⁊mb⸗lͤ—8 

Subtract the leſſer: — ———4 
There remains the difference —4 
To be reſerved for a Diviſor. . 


2. Draw the firſt aſſumed Falſe Number into the 
defect of the ſecond aſſumed; and the ſecond aſſu- 
med into the defect of the firſt ; in this manner. 

Draw 18 into 8, it makes —-144 
Draw 16 into 4, it makes——64 


2 This Subtracted from that, leaves 80 : which 
divided by the reſerved Diviſor 4, produces in the 
Quorient the true Number ſought. 20. 


For, If A be 202 
B will be 208 che Sum 50 


B—.— 


Te 


The reaſon is altogether the ſame, if both the 
—_ or Falſe Aſſumptions, exceed the True 
umber. 


II. Caſe, 
If one of the poſited Falſe Numbers is deficient 


from the True, and the other exceed it. 


1. Add the deficient to that which exceeds ; the 
Sum of which you mult reſerve for a 5 
2. Draw 


0 
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The gun! iS 


a 31, and it makes 


2. Draw both the aſſumed Numbers into the De- 
fe& and Exceſs of one another. 
3. Join. the ProduQs. 
4. Divide the aggregate by the reſerved Diviſor, 
and the Quotient. will ſhew the true N umber 


ſought. 
Example ff 
Let the unknown Num if 8 aſſume. 
Firſt the Quadruple of it wic 
Then the Triple of this Quatrople eli three. 
The Sum of theſe two Numbers makes 56. 
"Then we ſeek, what is the Number A ? 


1. 3 or put A to | & I” or put A. to 


18 — 18 


The Triple of this with | The Triple of this with 
3, 18 —-—— }0 | 3 is — 


—— 


Its Quadruple with 1 1. Quadruple with by 


— 


—39 | The Sum is — 7 

Which ought to be—56 | Which ought to be—56 
* defect therefore is 17 | The Exceſs is 31 
Add the Exceſs to the Detett, and it makes 


48 for a Diviſor. 
2. Draw the aſſumed falſe 2 into the Ex- * 


Alſo draw the other falſe EF into the De 85. 


_ 17, and it makes 

. Theſe two Products joined; make —— — 147. 

4 Which divide by 48, and the Quotient produ- 
ces the Number ſought 3 +. 

For ſuppoſe, or pu. 


3 7» 
LY 


Its Quadruple with 1, i —13 4. 
And its Triple with 3 1 —— 2423. 


The, Sum of which two Numbers 18-56. 
| Ex ple. 


| Thrice we. 


| Example IL 


. Let any one conceive in kioinlnd a Nurriber. © 
2. From the double of it take away Unity. 
3. Again double the Remainer, and from this 
double take away 2. 
4- Thirdly, double the Remainer, and from this 
a take away 3. 
5. And in the Remainer there is only 10. 


And we would know what i is the Number © 


part m. 


This Rule of Falſe is very uſeful to the finding 
many unknown Numbers: And alſo in A/gebra, or 
Coſſic Rules, with which it nearly agrees, ſince many 
 Afeebraical Queſtions alſo may the Solved by this 
Rule of Falſe. 

Bur the reſt, which == to the Amplitude, 
as well of the Rule of rtion, as allo to theſe 
annexed Rules, cannot ſo — be comprehended by 
Precepts as by Ingenuity 
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of Figurate De 


Definitions. 


Figurate N. le, is a Number ſhewing the 
Unities of a Geometrical Figure from its 
circuit and difpolition. 


And it is either Plain or Solid. 


2. A gurate Plane, is that which reſembles a 
Geometrical Plane, by its Circuit or Periphery. 


They are called in general Polygons, of which 
there are infinite kinds, as in Plate 1. Fig. 1. is a 
Triangle. Fig. 2. a Square: Fg. 3. a Pentagon, or 


five ſided Figure. 


The ſides of theſe are called Factors and Roots: 
and they ariſe from the natural order of Numbers; 
either from none or ſome, or from ſome left. 


The Firſt, S 


C2 
90 of Tri- The Second, Is begat 51. 2.3. . 6. 
angles. ) The third, ( from Y1-2-3.4: 310. 


The Fourth, 1.2.3.4-5 


15. 
Oz; 
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„ DEFINITIONS 4 Pare, 
1.3. 


; A qui 0 Firſt r W! 
ran 4435 I. 3.5. nitys 
| The Third * 2 _ 4, : 


:The reſt. 1. 4. Whoſe 
Of ae Is Erber. 4. * PI 
gons, i. 4% bo. 


1 ſo onward. 


2 Poligon Planes, the Quadrat or Square 
is the Chief, as Fig. 4. 4 Sq 


. A Buadrate (in Arabick, Zenſus) is that 
0 hath four equal Lines, and four equal Angles, 
and ariſes from the mutual Multiplication of two 
equal Numbers. 


Either of theſe Numbers is called the Side'or Root 
of the Square, the fign of which is, 


I. N. X. ꝙ ok 


4. A Solid Number, is that which ſhews a Geo- 
metrical · Solid by its Circuit or Periphery, and is 
ſtretched out, or extended by its Unities into three 
Intervals, to wit, Length, Breadth, and Depth. 


Among the infinite Kinds of theſe Geometrical 
Solids, the Cube is the chiefeſt: as Eg. 5 


5. A Cube is à Solid Number, made fam three 
equal Numbers multiplied in themſelves, repreſent- 
ing a Geometrical Cube, or having equal magni- 


tude of Length, Breadth, and Thickneſs 


Each of its Factors are called the fide of the 
Cube, or the Cubick Root, the ſign or mark of 


which is, 


Lc. Mc. . 


Book I. 
Hence ariſe Numbers called (2% or Algebraic, 
with their Exponents, Charatters, and Names. 


6. Cle Numbers, are Numbers deſigned by cer- 
tuin Names and Characters, being multiplied in any 
Proportion from Unity, proceeding ad inſinitum. al- 
ways in the ſame Proportion, as the next from Uni- 
ty exceeds the Unity, of which they ſhew the di- 
ſunce from Unity, proceeding in a rank of Natural 
Numbers, and alſo how many times the Root is to 
be vn or placed, that the Conde hay be produced 
y Multiplication.” Hs 


=o xample in Geometrical Progre ion double. 


Coffic i Expo-[. ia | 
Md. 3 F Characters. | Names. 
N. [Unity, or abſolute Number, | 
2",0r V. I. E ide, or Rt. 
22, Or 3. 9. Nuadrate, Zenſas. 
25, Or cu. c. Cube, Zenſi Zenſis. 
2d, or 35. ag. bg. Biquadrate. Squared ſquare. | 
5 JFolid. Surfolid. 


"x OT Z. cu. Ii. audrato Cube. rnſi cu, 
27, or Y fs. |Biſurſolid Biſblid. 

$ ' [Triquadrat. Zenſi zenzenſus, 
8 2 or 335 244+ | or Squared ſquare ſquared.) 
4%, Or c. cu. ct. cc. Bicuhedl. Cite culed. 

r [Ruadrato ſo'id, Zenſus de ſo 
10 14 - Or 3 js. /q. lidus. | 
11.6 aQt< [*, Cube ſurſolid. Ter ſolids. 
12 fe, or 33 c 8 cube. Zenſt Zens 
| 13 „ 1. D. ſurſolid. Qater Plidus. 
„ Madrato hiſolid. Zenfi jolt! 
14 % „r 5 B.. aus B.fwfolik. — | 
15 3 5 O cet. fs. be of Solid, AC. | 
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66 THEOREMS part x. 

The Arithmetick of theſe Concrete Numbers. is 
called Coffic, from the Inventer De la (a an Þalian, 
and Algebra from Geber; concerning which Chr; 
flopher Rudolph; and Chriſtopher Coitus have writ- 
ten accurately, but more eſpecially our Countreyman 
Mr. Kerſey in his Elements of Agebra. 
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I. T O Quadrate Numbers, being mutually mul. 
 tiplied in themſelves, produce a Quadrate. 
So 8 aquadrate, drawn into the quadrate 16, pro- 
duces the quadrate 144. Whence alfo. any qus- 
drate drawn into it ſelf, produces nought elſe but a 
quadrate, by the definition of a_quadrate. 
2. A Cube multiplied in it ſelf, and into another 
Cube, always produces a Cube : For Example, 
The Cube 8, multiplied in it ſelf, produces 64, 
which is alſo a Cube: Likewiſe the Cube 8 drawn 
into the Cube 64., again produces the. Cube 512. 
3. If from Unity, any Numbers be ſuccelſſiveſy Pro- 
portionals : The third from Unity is à Square, and] 
all of the reſt intermitting one : And the fourth is 
Cube, and all ihe reſt are Cubes intermitting tuo: 
But the ſeventh is a Cube, and alſo a Quadrate ot 
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bs 1 p I 0 . 
5 Saua, aud all the reſt intermitting five. I 
Example, ia Proportion Treple. and 
TI "fa e. | 


EINE ff q. — 
27. 81. 243. 729. 2187. 6501 

C. a <a 
Os q. Cut 
9083. 52249. 177147. 331441. 


4.1 
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4. If from Unity, any Numbers be ſucceſſivel 
tional, and if that next to Unity 4 — Saur 

all the reft in the ſame Proportion will be Squares 


Bur if aftex Unity it be a Cube, all the reſt will be 


Cubes. | 
Example in Squares or Quadrates. 
| I. 4. 16. 64. 256. 1024. 4096. 


Example in Cubes. | 
1. 8. 64. 512. 4096. 32768. 


5. A Quadrate to jy Quadrate bath double Propor- 


tion of Side to Side; but a Cube to a Cube bath Tri- 
ple Proportion of Side to Side. 
And Double Reaſon or Proportion is made ffom 
2 Square, by multiplication of the Sides ; but Tri- 
pl Reafon from the Cubic Multiplication of the 
ides ; by that the Proportion of the Sides is made 
equal to the Proportion of the Squares; by this the 
Proportion of the Sides is made equal to the Pro- 
portion of the Cubes. | 


24. 6L < ——__C cc: cc. FF * . — — RE och 


— 


— 


LE oO bmi the Squares and Cubes of Prime 


Roots, from Unity to Ten. | 
For the foreknowledge of theſe is wholly re- 


quired, which that you may have, inſpe& often, 
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68 PROBLEMS 'F- PartIV. 


II. Any Number being given, To extract its Square 
Root. N . 
; | The Firſt Operation to be but fff 
Example. once done. .- MD 


... RB I. In the place of odd poſited I in 
978121 (989. | Numbers, impone or prefix a point,  g 


81||] beginning from the right hand. 4: 
— 2. Having taken from the Table 
1681 the Square Root of the firſt point © w 
188 ij to the left hand, or (if it be not a 
1504 | Square) of rhe next leſſer Square, 
— in{cribe it in the Semicircle or Quo- 
7721 z tient. 
1969 3. Subſcribe the Square of it un. 
— — der the firſt point. | 
£7721 | 4 Subtract ir from that above it. 
— 5. To the reſidue, aſſume, or 
OC000 ; | bring down the rwo other figures, 


The Second Oferation to be repeated according t1 
ihe Number of Points. | 


1. Double the Root you inſcribed juſt now in the 
Semicircle. | 8 

2. Subſcribe this Double under the ſecond figure 
to the right hand. | | | 

2. The quote of this (to wit, ſo many times as 
tis contain'd in the upper Number) write in the 
S<micircle, and alſo adſcribe it to the Double. 
4. Multiply the whole Subſcription by the Quo- 
tient. | 

5. Subtract the Multiplied from its Superior. 

6. To the Remainer, affix the new Numbers, it 

there be any, and repeat this ſecond Operation; witl 
this proviſo that you double the whole Quotient, 
and not only the laſt Figure. 
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III. To find the Root very near, in Numbers not 


Square. | 
Haber all the Operation is rightly performed, there 
remains ſome — Io that ſhews thar the number 
propoſed is not a Quadrate or Square : Therefore 
in ſuch numbers the exquiſite or exact Root is not 
given, and therefore it is called Surd or Irrational , 
as alſo in Solids not Cubicks. Os 
Nevertheleſs the near Root, in which little is 
wanting, is thus found. 1 
1. To the Remainer add two, or four, or ſix, or 
eight, or yet more pairs of Cyphers. 1 
2. Repeat the ſecond Operation fo many times as 
you have added pairs of Cyphers : then the Root 
produced hence will be a Fraction, adherent ro rhe 
principal Root, and therefore to be diſtinguiſhed 
from it by a point: And will denote Decimal Parts 
of the Integer, if you have added two Cyphers; Cen- 
teſimal Parts, if you added four Cyphers ; Thou- 
”_ Parts, if you added fix Cyphers, and 0 on, 
Co | 
Example. 


150 (12.2% 
1 TS 
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2 IV. To find the Cube Rt. 

The firſt Operation to be but once * r 
Example. 1. 1 points, as in che ex- 

; R. ample, from the right hand, al. 
96736 1669 ( 989 ways intermitting two places, 
729]? making the firſt point over the 
238361] Unites place. 

2711] 2. Inſcribe in the Semicirce | | 
242] | 2M | the Cube Root, or the next leſſer, © 
1944 if 64 of ny firſt point. 

1728 1 abt its Cube. 
5121|| 448 Fi Subtract it from the ſuperi- MY 1 
range) 128 or Number. | ; 

261596 69.1728 5. To the Remainer, bring 
294 7 down the three new Numbers. 

100 12 The Second Operation to be repeoted. 
23 1. Triple the Root. 

1 2. Subſcribe the Triple under 4 
23814 ſecond Figure to the right hand. 


| nec 3. And the ſame Triple being fuſf 
_26159669 drawn into the whole Root, vig. both 
 ©o0c0000 Figures in the Quotient, ſubſcribe un- 
der the third place. 
4. Seek the Quote of this; 


294. 294. luſtribe the Quote, and by te 
98 81 Quote multiply this, having firſt a 
2352 294 drawn an occult line underneath, 
2646 2252 ſubſcribe it under the third Fi- 
gu; ng pager; e ure. 


5. Ve the Square of the 
Quote into tie Triple of rhe {iſt 
Quote avove, ( that is, 27 ) and ſabſcribe ir in the 
ſecond place. 

6. The Cube of the Quote ſubſcribe in the firſt place. 

7. Add theſe three ſubſcribed Numbers. 

5. Subtract che Sum from the Superior, anc bring 
down the new ones, if there be ary, and add to He 
Remliner. V. To 
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; V. To find the Root very near, in Numbers not 


Cubiek. 


15 Add to the Remainer either 3, or 6, or 7 or 


more Ternaries of Cyphers. 


2. Repeat the ſecond Oper ation ſo many times, 
as you add Ternaries of Cyphers. 


3. The Product will give the Fraction of the Root, 
and indeed in Decimal Parts, if you have added 


three Cyphers; in e wy it fix Cyphers; 
in Thoulandth Parts, if nine Cyphers be added. 


VI. Two Numbers being given, to find a mean Pro- 
portional. : 


That is, 2 Number which 1 much exceeds the 
leſſer, as tis exceeded by the greater. 


| And tis thus found. 
8 . Multiply the given Numbers in chemilves. 
Seek the Square Root of che Product, which 


| wil be the mean Froperrioinl.” 


11-5} Erannle. 


'What is ther mean Proportional Veen 38 12? 
Anſw. 3 drawn in 12 makes—————36 


The Root of this is 6, the Mean between the 


two given Froportionals. 


VII. Two Numbers given, 10 find. - Toird P/ 9222 
F 4 . 


7 7 9% 740. 


72 FPR OBL ZAS Part IV. 
That is, a Number which is to ha cond, as the 
ſecond'is to the firſt. r 
1. Multiply the ſecond in it ſelf. 5 | 
2. And divide the Product by the firſt : The Quo 
tient is the third Proportional ſought. - 
And this Proceſs is no other than. the Rule of 
Three, by repeating the ſecond Term. 


71 Exatuple. A691 b 
= . gives 5, what gives 62 . Anſw. 18. 


VIII. To rev Nurtters given, To Ad any other. zun, 
Proper tional to them. 


1. Adjoin any third Number to the two given. 

2. With theſe work according to the preſcribed 
Rule of Three, and the Quotient with the adjoined 
Nutnber will be ! wo Feen to the two 
given, 02 41. 
Example. 


Given 5 and 703 400 12: then fay, as 5 to 10, 
o 14 10 24. 405 | 


| R. To 7200 N i! given, To find two Mean Pro- 


portionals. 


1. Draw the leſſer into it ſelf. 
2. Draw the Product into the greater. 
3. The Cubick Root of chis, is the firſt Mean 


—— 


1. The firſt Mean Proportional being found, draw 


it into ir ſelf. 
2. The Product divide by the firſt lefſer given. 


3 The 


” aan 


. Bookl. Theoreficil Arithmetick. 73 
e Ser TÞ, popes 1 is the other ran Proportional. 
Example. | 


on To find twp Mean Proportionals between . and 
32 proceed thus. 


f | © + dun (or Wulüplied) in it elf, makes. —16. 
; his CE Ito = 5 a . 
The Cubick Root of this, is — — 
a the firſt Mean Proportional. 
8 drawninto it fel MOTEL —— 64. 
„ This divided by the. leſſer given — 
. Exhibits i in the Quotient———=————I6. 


Which is the ſecond Mean Proportional, and 


- I this manner they make four © Ah to wit, 
of MW. $- 16. 32555155 75 


The End of the Firſt Book. 
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The PREFACE. 


DRaGical or Contrete leiebmetich, i 
I that which conſiders, not Numbers 
UbfiraBed from all chings, but applicd 


to the meaſures of divers things. 


It Conſtitutes Two Parts, 


I. Aſtronomical. i 
An 

II. Hic. or Civil. 1 

3. A flronomical, wa {ometimes a4 8 
ſo is called Logiſtical, is the Doctrine ol -, 
handling Aſtronomic Numbers, which at Fir 
7 called Phyſical Fractions. 
4. Political of Civil, is that which con} 4 


pares and explains Moneys or Coins, th of. 


meaſurcs of Dry things, of Liquids, o 


 tmtervals or Diſtances, uſeful in Con 5. 
monwealchs. Fo 
36 0c 
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70 3 | 88 1 5 
And its Fit „ 
1 * A emen dridemetch 
5 — „F 2 
ed 
C H A . 
5 Of Afronomical Nambers. 
«A Snag Numbers, are either of Motion, 
or of Time. 
2. Motion, when *tis Circular, is numbred by the 
parts of a Circle. 


3. A Circle is divided into Degrees 360, which 
al- conſtitute the whole. 


e of A Degree is ſubdivided into Bones, org 
Firſt Scruples — 
A Firſt Scruple, into Seconds 
Seconds, into Thirds, and ſo on. 


on 4. Degrees are collected, either in Celeſtial Signs, 

the of which 12 compleat a Circle ; and each contains 

| 30 Degrees: Or into Sexagenary Primes, Seconds. 

„ Thirds, Cc. 

, 5. One Sexagenary Prime contains 60 Degrees. 

And a Sexagenary Second contains 60 Primes, or 

3600 Degrees, ON 
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As, cont. 60 ˙ᷣc parts 45 
II ͤ parts 55 8 parts 40 


165 Pracbia! Arithnetich. Purt l 
And one Sexagenary Third, * 60 Sexag 
Seconds, or e exc — 


'Y i dy» 


; Copptients or 9 


\ _ li 8 . 2 | 
I tef pi. 
2 2 
* | 3 j. 216900, | 3 
Be I 29600000 - 14 
Degrees 5 | 777600000 15 
15 | 46656000000 6 | Degrees. 
7 1 2999360000000 7 
8 | 167961600000000 | 8 
9 | 10077696000000000 | 9 
10 $04661760000000000|10 [ 


Alſo ſome call whole Degrees Aſes, and divide 
one Degree, or its 60' into 12 parts, which they ex- 
preſs by the Names of parts o. of Affis In n man- 


ner. 


Io parts 500 parts 35 


6. Time is divided, either * or A N , - 
cali, V. 


et * 


Vlgarly.. 


A Julian Year hath 1 2. 
Days in a Month — 28. 29. 30. 31. 
Hours in a Day ——- 24. 
Minutes in an Hour- 


And ſo on. 


. 


== 
J 


6parts or * 30003 parts 9 
5 parts.—25 2 parts or 4 10 
4 parts or 5 20] part—— 5 


An Egyptian Year hath Months — 12. 


T heir 


Book IL. Ch. a. Of .Pafical Aridhwerick. 
y Their Months equally contain 30 Days: Which 
are On into Hours and. Nine as the 


Julian Day is. 
Es | A 
2 A Day is divi ed as an hs firſt Scru- 
es 60. 
, A Prime or fiſt Scru le into 60”. and ſo on. 
- According to this puration” they account 
2, 30* to one common Hour. 
2. And Days alſo are accounted in Sexagenes; iD 
char 60 Days make one Prime Sexagene : And fixty 
Prime Sexagenes, or 3 600 2 "ae: © one ome 


Sexagene, SG TS: 
CHAP. IL eile 
1 | 8 
x- of Logiſtical Notation 
. | 
JN: this two things are confiiana. 5 
1. The right placing of Numbers. = 


'2 2. The Genuine, or Natural Deſi Ignment of the 
o | flame. 

5 I. It 2 

The manner of Placing and Defignment i is thus. 


mY "= n RP 
7 a | 2A 5 9. * 8 

| . 

Sexagenes. | Degrees. [ Serapter 

22. 24. 14. O : 
. 29. 6”. $0. 14 

II. II TIME. Ef; 

Tears. | Months. \ Days. | Toure Minutes. 
Y | .. K . 
C. . 26. 4 5 194% 
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1 I places Numbers of like Kinds, e Ranks; un- 
| *F der Hh: ter Wit, Prime Sexagenes under Prime 
Senagen ns; Sons under Seconds ; Degrees or 
Days under Degrees or Days: Prime Scruples un- ; 
der Primes; Seconds under Seconds, c. 


2. Tf any place want a Number, it muſt be ſup- : 
plied by a Cyphex;z or c. 2 
3. The collected Sum of one kind, as often as it N g 


conſtitutes tha ging kind; lo many Unities muſt. y 
be added to the former kind, and the Remainer which 
ns not to the farmer kind, muſt. be only ſub © 
cribed. mito ff Io wt: 
Example. L. To b added in Motion. 


2 


8 0 . 7 ti 
9 21 56 48 3 32 
8. 24 49 30.53 1 


The Sum 6 22. 46 : 27 27 


Vote, 1. Becauſe every Rank or Kind of the Scruples, conſtitute ] Un 

one of the former Ranks or Kinds, therefore Unity is added to 5 
each of the foregoing or former Ranks, and under the latter Rank 
that only is placed which falls ſhort of 60. 

2. Becauſe of the collected Degrees, 30 conſtitute: or make 2 
Sign, therefore of the Degrees, Unity is added to tho Signs, and 
under the Degrees, that only is retained and ſubſcribed which 15 
leſs than 30 Degrees. 5 

3. Whole Circles, on 12 Signs, for the moſt part are rejected, 
and that only retained which is under 12, and leſs than a Cirele: 
Fot in Cœleſtial Motions, tis not always ſought how many times 
any Star hath paſſed over its Circle? But what part of its Circle 
tis in at any time? 


Example 


Of Prathic ab Abinhihetick. my 
Exanpie-W. 


E Scruples. 


| | Book. Ch. 4. 


Example WE Tv be added in 


0 eee for e eee ee 

Fu 30 'N 30 F 23i „ 4> ©. 

U- 8 ä 5 — 4, — . — . 2. | 3 48 — L 
Sum 22 Fo 2 i Md 34% _ 13 


24 Hours conſtitute a Day, 24 being taken away, you 
it WF retain only 12 Hours; and inftead of che 24. Hours, 
ult you increaſe the Number of Days by Unity. 


80 


üb- 8 7 I 
CHAP. 
Of SUBTRACTION: 
1, FT is done as in Vulgar Numbers: only obſer- 
I ving this, that like Kinds or Ranks are placed 
ts i OTIS. 5555, | | 


dro fl 2. Then if the Number to be Subtracted be grea- 
Rank W ter than the Number from which tis to be Subtra- 
cted, you muſt aſſume or borrow Unity from the 
= Antecedent or foregoing Rank, which in mind is to 
ich b be reſolved into the Conſequent Rank, and added 
tO It. | | 
3. And you muſt remember that the Antecedent 
Kind or Rank is leſſened by Unity, which that you 
do not forget, you may Impone, or make a point to 
remember you. OE | wo 


ected, 
irele: 
times 


Circle 


an ble 


Example. 


Example. | 
DEI —=—© CT OE) 
The Minorand—5 28 oo 44" 56" 
The Subducend—3 29 36 2 59 
The Remainer —1 28 23 48 57 


Note, 1. When under the Rank of Second Mi- 
nutes, a Firſt or Prime Minute ſhould be taken to- 
gether, or borrowed, and there be none, we muſt 
Have recourſe to the Degrees, and reſolve one into 60', 
and we muſt alſo reſolve one firſt Minute into 60'. 

2. Sometimes it happens, that not only the fol- 
lowing Ranks or Kinds, but the firſt of all alſo of 
the Minorand, is leſs than the Subducend : Then in 
ſuch caſe, a whole Circle is to be aſſumed or bor- 
rowed, and to be added to the leſſer Number or Mi- * 
acrand. And then you mult inſtitute the Subtraction. | 
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D 
of MULTIPLICATION. 


. P OR the ſake of conveniency in Operation, T 
write the greater Number, to wit, that which 24“ 
is compounded ot moſt Ranks, above, or uppermoſt, an 
2 a Multiplicand: To which ſubſcribe the other of In it 
fewer Ranks as a Multiplier, ſo that the laſt Rank of I, - 
the Multiplier may be ſet under the laſt of the Mul- +4 8 
tiplicand. | Is 375 : 
2. Neither doth it matter whether the ſame, or di- Ig x 
vers Ranks of this ſuppoſed Multiplier, are multi- 22 
plied with the ſuperior Multiplicand. 8 + 
3. Draw each Rank of the Multiplier into each 
one of rhe multiplicand ; and that which is produ- whic! 
ced, divide firlt apart by it ſelf by 69“ (if it exceed : 


4 Sexa- 


Book II. Ch. V. Of PreiFicel Arichme 
aSexagenary ) and the refidue roles, under the Mul- 


add to the An- 


er: — 
_ Rank. | BY 


3% „% %%% %, g „ „% „% % „% % <0] 
© 0. 1 1 3 36 
36 54 21 48 
e %% 06 „% % %% „% ov „% „% „% et: 
* G | J 
32 48 12 36 
e a T2: 
20 30 45 © 
m— . i —— 
Ie 0 „% ie uu „ vi 
Sum —21 5 1. 16 Cami 30 54 24 
un rr * — 5 


24, produces 384. And becauſe this Number con- 
tains 60; that is, the Antecedent Rank many times 


in it ſelt, it mult be divided firſt apart by it {elf 
by 60, and the Quotient will be 6, and gre by ic el 


a 24. So J bring 6 to the Antecedent Rank, ind 


the Remainer 24 I place under the laſt Rank; and 
ſo J act with all the reſt. _ 


1 tte well the Rank and A- of the Num- 
0 ariſing from the Multiplication; 
84 Irhich, the e Eollowin Rules muſt be cobſeryed 


The 12000 of this n e 16 2 in 


4. The Multiplication being finiſhed, you muſt 5 
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Of . Kinks or Ranks Ty: aun. 
A General Rule. Res 


The aug Number produce! from the Multiplicz. 
tion (numbring Irqm the right, hand toy the 
left mut de 0 9 Intervals Fm te 
firſt M Muld —— the fit” Multiplier i ix diltn 
by Int Se e — * from a De 


gree, which oben the place of Integer. 


"DS. 
| Drawn z 3“ 4%, 11 
MH 
mma Kil 
OT EMT no An 
7 2 the 


They make“ 9 12 


For the firft Multiplier 3 is diſtant from the pir 
Integer 2% by 5 Intervals : Therefore 10 many Inter 
vals Safe ought the firſt of the Products, „eo wit 1 uf gen 
be diſtant from the pales licand 4 2 ſince 4 
the Multiplicand is rr muſt reeds be pri 

105 "pe it ks 5 Intervals "aan om 


2 21 2. | Special Rules. 


* nage Ln into Integers produce Integess 
80 it you Multiply — by Degrees, they il 
ways bring forth Degrees. 
2. If Scruples are drawn into Scruples, or Sex: 
zenes into Sexa genes, they produce Scruples 0f 
Sexagenes of that Denomination as the Apexes that 
are added, or written i Over, to _ the Kind , 


L Book II. Ch V. of Prefficet Avithmecich. 8 ; 
So if you draw 3". into A they produce 127. 


And 4 ann into 5 produces 1 


3. Sctuples multiplied into Integers, or Int 

drawti into Sexagenes, produce crples and Sa 

genes of the ſerie! Donominitivh 5 , AS are 

the Apexes of the Scruples or Sexage . 

S807 Kron drag Second Scruples ine Deahet they 

make Second Scruples: If you multiply Third 

Sexagenes into Degrees, they produce Third Sexa- 

genes. 

x 4. Sekaperies drawn into Scruples, produce the 
fare Kind; (which the Apex Bees 5, Þ deſigns the 
kind) by ſubtracting the leſſer from the greater: 
and the Products are Scru yrs if the Apex of 
the Scruples be the greater; Xagenes if of Sexa- 

enes. 
In this manner, if Sexagene Thirds be e into 
the Firſt Scruples, the ey produce 8 Sexagene Seconds; for 
ſubtracted from leaves , and they are Sexa- 
genes, becauſe the Apex of the Sexagenes is. the grea- 
ter. But if you draw Scruples into  Sexagene 

Primes, they make Scruples 


ant 
De- 


NO T E. 


This manner of Multipl: ication is very tedious, 
and full of labour: The Proceſs of the whole Mul- 
tiplication may be inſtituted without multiplying 
or dividing by 60 ; to ſave which labour, there are 
| invented . " « ayK2 Tables, in which, if the Kind 
les oer Rank to be multiplied be ſought, there is ſhewn 

chan the common Angle, the product already divided, 
Ind d reduced to the Antecedent Rank ; which Ca- 
# aon is in moſt Mathematical Books, and the ſtudi- 
us ougut to have it. 
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84 Practical Arithmetick, Part. 

I)be Uſe of this Canon is this. © 
1. If either of the Multiplicands be greater than 

go, ſeek the greater in the Triangular Table on the 
right hand, and the leſſer in the upper Tranſverſe 
part : But if both the Multiplicand and Multiplier 

leſs than 30, you muſt ſeek the greater in the 
Quadrangular Table on the left hand, and the leſſer 
in the Tranſverſe. Oblique. NEE: 
2. With theſe two Numbers of the Multiplicand 
and Multiplier, proceed to their common Angle, in 
which: you will find the Product under two Kinds, 
or Ranks, the Antecedent and the Conſequent. 

But if any one want this Canon, the followin 
Table will help him much, in which the Product 
or its next leſſer Number being ſought, the Num- 
ber with a great Letter placed above it, ſhews how 
many times 60 belongs to the Antecedent Kind or Ki 
Rank, that the produced Number contains. of 


A Table of Multiplication and Diviſion of Sexe | i, 
_ genaries. 1 
LIT! TNT. 


6c|120| 180 | 240 [200] 360| 420 | 480 540 [600] left 


* 
CHAP. VI. = 
Of DIVISION. 1 


F any one want the Canon, he may ſhorten the H 2 
1 8 tag if he reſolve boch the Dividend and * 1 
Diviſor, by continually mihi the Sexagem I Ban 

ries into the laſt Rank, and then Inſtitute the VINE. 
ſion according to the Vulgar manner; and he Wulf have 
collect the Quotient by continual Sexagenary Div © * 
lion again, into the Kind or Rank. 

8 Exampl 


Book II. Ch. VI. Of Practical Arithmetick. 85 

To divide 16 51. 9“ 12,17“ 16“. 

| B/ — 24 22 * 46 b 00 EQ 
an Make by the continual multiplying of the Divi- 
he dend by 60, the laſt Rank of Thirds, to wit. 
2 SEEN 
= Of the Diviſor in lixe manner 915696“ 
he And work according to Valgar Diviſion, and you 
ler WEI in = 1 
ich divided again by 60, produces 227 467, 
nd and you may know what Rank ey are of, by the 
in following Rules. | 
as, 2. But if you will work by the Canon, do thus: 
1. Place the Dividend, with its Kinds, in the up- 
& per place, and the Diviſor underneath, either in the 
jirſt place, if it be leſs than the Dividend; or in the 
um next place, if greater, = 

2. If both the Dividend and Diviſor in the firſt 
Kind exceed 30, ſeek the Diviſor in the upper fide 
of the tranſverſe Triangular Table, and the Divi- 
dend in the ſubjected Perpendicular Column, eirher 
d. it, or the next leſſer, then in the right {ide over a- 
I glinſt them will appear the Quotient. | 
3. But if either, in the firſt Rank of the Dividend 

or Diviſor, be leſs than 30, ſeek the Diviſor in the 
soo] left fide of the Quadrangular Table; And in the 
— ll ame tranſverſe line ſeek the Dividend, or the next 
leſs than it, and on the top of this Perpendicular 
Column you will find the Quotient to be written in 
the Semicircle. | | 

4. Multiply this Quotient in the whole Diviſor. 

5. The Multiplication produced and collected in- 
to one Sum, ſubtract from the Dividend. 35 
em- 6: The Remainer fer in irs place, adjoin the other 
oo Rank of the Dividend; and the Diviſor being remo- 
will ved, as is uſual, repeat this Operation, until you 

have waſted all the Rank of the Dividend. 1 | 
| | TI "= M 


n the 
and 


86 © Prat#ical Arithmetick.” Part]; 
7. I there be any Remainer from the Diviſion, and 
you are minded to follow the Minutes, chen multi- 
ply the Remainer from the right hand to the place of 
the laſt Rank by 60, once and again, as often as you 
pleaſe, and divide this Number further by the Divi- |} * 


ſor, ſo you may arrive at the ſmalleſt. 
| Example. | 
2 | . 1 17 „ 
1. Dividend 16 5 9 12,1 16“ (22 46 . 
Diviſor— 42 23 35 1 ö a 
bei 15 8. 12 16 52 53 f 
from the Diviſion) — 26. 50 * 
a | | F 
Sum to be Subtract. 15 32 39 6 52 f 
2. New Dividend-32 30 5 25 16 t 
Diviſor removed —— 42 23 35 46 t 
Numbers arfing$32" 17 26 25 16 
from the Diviſion 12 38 50 a 
Sum to be Subtract. 32 30 5, 25 16 | K 
e 6-0 
1. The Diviſion being ended, you muſt mark the 
Ranks of the Quotient arifing from the Diviſon ; of 
which this is, | | 
| A General Rule. 
The Number of the Diviſion, or the Quotient, 
muſt be ſo far diſtant from the Integer, as the Di- 
vidend is diſtant from the Divifor, and indeed, by 
| bo many Intervals the Rank of the Diviſor Ante- Iſ ... 
1 cedes the Rank of the Dividend, by fo many In- g. 
tervals the Rank of che Quotient muſt follow the 115 
| Integer. 5 a 1 I 
: Contra ©} © 


Book, Ch. vr Of raf — * 
SG 755 4 
| Intervals the f the Dit 
. A RI e 
I tervals the Rank of tlie Qniotlent miſt Ana: 
the Integer, 
Special Rules. 


6 1. Raiiks f the fanie kind, and Ake betwern 

themſelves, beget (eg: ers 5 — Diviſion. 
As if you divide agen Fr imes by Primes, and 
firſt Scruples by Primes, they produce Degrees, 
which con tue the Integer. | 

2. Ranks unlike between themſelves, but. of the 
fame kind, norifie the Rank ariſing, if you ſubtract 
the leſſer Signature, or Note, from the greater: for 
the remaining Note ſhews the Rank. 

Or of the ſame kind with both, if the Note of 
the Dividend be the greater. 

Or of divers kinds, if the Signature of the Divi- 


ſor be the greater. 
Example. 
Divide Scruples 120 2 6˙ it makes the Quo- 
tient 20. 
the Divide Sexagenes 1 65 by ** „ it makes the Quo- 
50 tient = | 
| 7 Contrariwiſe. 

Divide Scruples 1 2" * 6" nr make 2 2 Sec 
ent genes. 1255 
D b Sexagenes It 16 by. + & they. make 4'S Serv 
) by 2555 yo | 


0 | 5 185 In Ranks of; divers kinks) 3 4d the 2 of 
he the Divifor and Dividend, the Sum-ſhews the Rank 

” of — Quorient, under which che Dividend is con- 
Nine 


oe '' 4 N 


88 . Proffical Arithmetith. '” purt l 
So if you divide Sexagenes 16. by 4” Scruples; 
they make 45 Sexagenes. == 


o 


Ik you divide Scruples 16” by 4** Sexagen; 
Cs 8 les b Diers the 
4. If you divide Scruples by Degrees, they pro- 
duce Scruples of the ſame Rank as the Dividend. 
But if you divide Degrees by Scruples, they produce | 
| 1 ca of the ſame Rank as the Scruples of the 
Diviſor. Therefore, 98 : 
Divide 16“ by 45, you will have in the Quo- 
„ F 
Divide 16% by 4”, you will have in the Quo- 
tient 22. | 8 
F. If you divide Sexagenes by Degrees, they pro- 
duce Sexagenes of the ſame Rank as the. Dividend: : 
Bur if you divide Degrees by Sexagenes, they pro- 


duce in the Quotient Scruples of the ſame TY 6 
the Diviſor is of. | + 0 i — 
So by dividing 16** by 45, the Quotient will I fe 
1 | be 4. 3 | | th 
| And dividing 16* by 45, the Quotient will be 4". Je 
N A Caution. 28 
f Theſe Rules are in force, when the firſt Dividend Fo 


is greater than the Diviſor : But if it be leſſer, and De 
hath the Rank following either expreſt or ſigned by 
4 Cypher, it produces a Rank one place below: that 
which the Rules ſhew : Which, if you would know I 
the Value, tis neceſſary that you refer the Di: I 
vidend to the following leſſer Rank: So if you di-. 2 
vide 65 by 12 they produce 30, not Degrees as the I find 
firſt Rule teaches, bur Firſt Scruples, which are one 
lace lower” than Degrees: But if you teſolve , . 
Into 260”, and divide by 12, the ſecond Rule will I tie, 


, e 
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Book II. Ch. VII. Of Praifical Arithmetick. 8 


5 Of Extratting the Square Root | 


c \ , N 14 0 4 WE 1 ; . * x" 
5 VV bers, omitting other ways more Artificial ; 
ice work thus. | 


h 1. Reſolve all the given Numbers by Sexagenary 
5 Multiplication into ſome leſſer Rank, bur denomi- 
10- MY rated by an even Number, to wit, either Seconds, 
or Fourths, or Sixths, or Eighths.. = 
10- . 2. Work according to the Method delivered above 
nin Book. Part IV. of Figurate Numbers. 
| 3. To the Root found, give the Denomination un- 
7. J der double of the Number of its Quadrate, that is, 
©: if the Quadrate conſiſt of Fourth Scruples, the Root 
"0 I will contain Second Scruples : If it confiſts of Se- 
3 iff conds, the Root will be of Primes; if of Sixths, ir 
will be of Thirds : For the Root is drawn into it 
ill Wl ff to make the Square, and in drawing Seconds into 
El themſelves, you produce Fourths ; and of Primes 
“bu produce Seconds, as is {aid above. 

4. Reduce the Root found by Sexagenary Diviſion, 
again to its greater Rank; as Second Scruples to 
nd I frimes; Primes to Degrees, c. 
| 5. The Remainer, if there be any, will have the 


be Denomination of the Number of which the Root is 
at I und. {2 
ar Example. 


K Find the Root of 7 28 160%. This Number reduced to Se- 
. conds, is 26896“. The Root of which is 164. That is 2 44. 
di- 2. So if you would extract the Square Root of 493, you wil! 
find it 22'*, and in place of the Remainer 9˙¹. : | 
3. Seck the Root of 19, 10, 46, 41“, 40“; which make 
15288 1000 whoſe Root is 3910”, that is, 1“, 5% 10“. 
Bonaventura Cavalerius hath Adapted his Logarithms to work 
the Rule of Three in Sexagenary Numbers, which leſſens the fore- 
ne EE . oi; 
5 1 en Fo The 
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n Second Book of | 


J rithmetich, 


Audis Second bart. 
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Cc H A P, L 
of WEIGHT Ss. 
I. Of Germane. 
IU Which are, 
Pound: The word is deduced from the Ls 
20 tin word Pondo, which! in Latin we alſo 
call Libra, and As. 

2. From this is collected an Hundred Weight, to 
wit, an Hundred Pounds. 

3. And the parts of our Pound are: Half, a Fourth 
Part, or Quartern, an Eighth, A Sixteenth Part, C. 
a= an ounce, whoſe parts are Half an Ounce, 85 . 

rams. | 


4. And fed are divers Wha of Pounds uſed by 
the Gez "MANS, but the chiefeſt are, JEW 


& 7 Belonging to Phyſicians, clans. 
0 to Mo 
III. Publick, © * 
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| Book! Ch. L Of Brallical Aridhimerich. 


1. Of 1 the Phyſici cjans Found. _ 


I arrives from the Ratio's of the Romer Poet, 
or 4 Us, whence alſo tis called 332 : 
; | And it 1 1 
I. From a Grain of Badley "7-5 


2. Obolus, or half a Scruple containing Grains 10. 
5 3. A Scruple, e Grains 28. 
ha + A Dram, contain r 3. 


+ 
; An Ounce, 3 two Half Oun 
and of Drams— — 8. 
85 A Quarter of a Pound, cont Ounos * 
4 Half a Pound, containing Ounces——=— 6. 


o. A Found, containing Ounces.—.—1 2. 


II. Of the Pound to weigh Money. 
1. Of the Silver Money of Coiners. 


1. Whoſe Parts are, 

4 7: The leaſt uantity is a Grain . 
2. A Penny Weight contains Grains — 24. 
to 3. An Hal . contains 12 Charats, dre 
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Penny Weight 
arth Y 4. An Ounce, contains 24 Charats, Or EE 20. 
22 n Weights . 1 


"- Of the Gold of Coiners. 


Whoſe Parts are; 
x, A Caract, contains Grains 4 
2. An Half Scruple, contains Carufis-——— 3. 
3. A B contains — ——— 6. 
A Dram, contains '$CIuples ———=—— 3. 
fp a II. of 


—— 


* 


mn E the Gol 6 or Common Pound, called Aro 


1. It 1 begins bon a Drat which i 
+ part of an Ounce, 1 


2. Half an Ounce, contains Drams———<— -—< 

3. And an Ounce is 2 half Ounces and Drams 8. 

4. The Eighth part of a Pound is Ounces — 2. Mc 
5. The Four art, is Ounces———— — 4. 


5 © Pratfical Arithmetich, 4 - Pale 


— > — , + — 
_ ö — a 


3. Half a Po contains Ounces— —— 
7 The Found contains — 15 


ä 


II. N. erghts f the =. 


7. Gærab, the leaſt weight. 

2. Refa, containing Gærahs .,. 

Iis called alſo Adorconim, Drams 1 ens 7 

3. Machazith or Beka, Half a Sicle, contains 
_ 5. — — ens meme 


4. Schekel, a Sicle, contains Refe's- 


_ 
f $1 
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4 
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5. Manæb, a Pound, contains Sicles 60. 

6, Kikar, a Talent, containing eons 
III. Attick W right of 15 Greeks. ; 
0 

1. 4 Mite, or half a Grain. 
2. reolum, IT. of a Dram, contains Mites 7. 
"Ya Semiobolus 77 of a Dram, contains Ereolums 3- 1 
4. Obolus contains of a Dram — — Sm 
5 A — a Qbalus a.. ——— . f 
- * 28 t 


6. Se mi- rope 


22 =>4 
"5 


a 
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— 1. of Patizal Arithmetic, ” 


6. Semiming, contains Drams.—— — 
7. Mina, tec. 
8. The Leſſer Talent, contains Aline . 


8 The Greater, cmains 80. 


The Ancient Roman W, eights. 


1. Libra, the weight of a Po contains Twelve 
Ounces, whoſe Nas — 


Deum 4 2 4 11 


Dextan: 
Dodrans 
s 
| Sepruns 1 
 Selibra | Ounces | 
Du RCUNX | | | 
Duadr ans 1 ö 
Triennnn, - {| 
Sextans | 


Uncia | 
2. The diviſion of the Ounce: 2 25 
a. Into Half Ounces — — 2. 


2. Duellas, I of an Ounce—————— 3. 


— 
» 


RANG IT? 


3. Sicillicos, ; 3 Eq 
4. Sextulas, 4 ——— ——————— 6. 
5. Denarios ————— — 
6. Quinarios . 


7. Scriptula, 2 of an Ounce- —— 24. 


For reducing theſe Weights to the Germans, you 
muſt Note the Razio's and Hypotheſes following. 

I. The Roman Pound, of 12 Qunces, is the ſame 
as the Phyſicians is at this time, and pled 7 in all Eu- 
rope, 


2. 'The 
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Fab une, Pte l 
2. 1 Pram, and the Rennen Periny are 
ſy fame” Weigl; witnefs Pliny, Book 21. 
3. Ehr Drake and che pe Number of Pace 
are equivalent to the Rozwan Ounce. 
4. Refe of the Hebnews' is ——— to the Attick 
Dako and therefore 4 D ake the Hebrew Sicle, 
5. The Common. — us is neap equal to 
the 2 Phy ficians Ounce.. 
Theſe Hypotheſes, although ſome diſſent from 
them, yet they are for the moſk part approved by C 
the Learned x whence tis eaſie to any one that is ni. 


indifferently Skilled in Arithmeticky to reduce the 
Weights of the Ancients td ours. 


e ſhall bring ſome 1 from Holy Scrip- 
ture, concerning Fr marc Hebræm Weights : Not- 
withſtanding we will negle& the difference between 
the Holy and the es... Sicle;. which ſome make, 
and the "Holy Sidle, and the half Ounce: For the 
would have the Common to be leſſer by an half: 

But this difference reſts on a: weak Foundation, 
whence tis rejected by many, who all make the 
Sicle to be halt an Qance: But the Holy, and alſo 
the Royal, they will in ſome place fay, becauſe they 
obſerve the uthentick Example of it in the Santtu- Ih 
ary; or the King's Palace, where; they Examined 60 
falſe Weigimts⸗ | 1 


- Reducing- Hebrew. Weights t tours, 1 

Li DS. viz, Ihe Germans. 

1 © Bxempple'l, 

= Ir Nuribers chap, 7. we read, that each Prince of 

the Tribrs of 1/#2e/ brought to the Tabernacle of the I 1e 

Lord r Silver Charger, che weight whereof was, 
Sicles' or Shckels — —. 

And a Silver Bowl, weighing Shekels— 70.' 
The Sum of the Shekels 55 
| ivide 


 Bookll chL —— . 
f Divide theſe by 25 95 

Ti ſo many. Shek or half Ounces make 2 

dn the Oblarion of ons Prince was 6 f : of 


che Princes 
F 15 * of the x2 Tribes W in in 


to | Ms. Ti Example | 


om in d i e 
by ra „ weread, that Abſalom. cut off te rect 


t 18 
- every Lear, and that it 
the Of half Ounce Shekels— Ne BU#Y 
: Thar is Pounds— — 2 
1p- ; $ | 7 5 7 
ip + 
= III. Exanple 
ke, 1 182m. 17 The. Head of Goliah? 
6. SS 
1 Chekels·— = = 3 erben 
0 Kerr 5 Founds—- 18 4. 
the 


ner Numbers, Cha 

"5 p. 7. The Princes of each 

a ac. drought- OG Tabernacle of the be Ss 4 
Golden Spoon weighing, Shekels———— 70. 4 


Which was in all, there being 12 Tribes, 
That is, Pounds of Gold —— 5 4. 


a 


Example. V. 


e of Numbers. Ch 
* „Chap. 31. The Spoil which el. 
tes took from the ed, was in te Merk 


Shekels 

y 16750 

* That is, Pounds of Gold - 523: 35 

5 * . Example. 


gs Practical aua, 


| nals VI. | 
5 Chap 3 8. The Gold that v was expended 
in building the Tabemacls &% the Lord, was, 
Talents — —— 29. 
in al, ofShekebs @ Talon being 208 7.7 
all, of Shekels (a Talent being 3000 ; 
— % 
man! IT 


— 


Which divided by 32, — of 
Gold, in Pounds _ 


And of Silver there was ee 
Talents — ——- — — Jo 
And moreover, 0 Shckels— — — 1775. 
In all, of Shekels.——.——— 30775. Ch 
Or pounds of ours 3 7 A. Al 


Example vit. 
1 Kings, Chapig: The Servant of Solomon brought 
froni Ophir, of Gold, 


Talents: — — 2420. 

That is, Shekels ———— 1260000. 

Or Pounds 837375. 
NOTE. 


In 2 * Chap. 8. Verſe the laſt, we read, that 
they brought 450 Talents ; which the Rabbins re- 
concile thus: They ſay the 30 Talents vrhich was 
not Numbred in 1 King. Chap. 9. was ſpent in the 
nd of the Journey. 


D_ VIII. 

1 Ring. Char he Gold that Solomon had 
brought yearly from Ophir, was, 
Talents. 666. 
That is, Shekels ——7 998000. 


Or Pounds ——=--___—_ 62437 
27 Exanpl 


ook n. Chl. Of Proificel Ariehmerick. 97 
: Example IX. 
Davids Charge 10 Build the Temple. 
| I Gold. 
Chron. 22. David brought Talents of Gold 100009 
ſo 1 Chron. 29. Talents: 3000 
And the Princes brought——-—————— 75000 
The Sum of the Talents—— ——— to8006 
That is, of Sicles or Shekels 3 44000000 
ad Drams 10090, that is, Sicles —————2500 
It makes the Sum of the Sicles=—3 24002500 
Or of Pounds — fot 25078. 


: ; The Charge in Silver. 
5 chron. 22. David prepared Talents of Silver 19000-0 
\ [fo 1 Chron. 29. he prepared Talents —— 7000 
The Princes — — T0000 
The Sum of Talents — 101700 
hich Multiplied by 3000 
Make Sicles — 30, I000000 


Which makes pounds — 950312125 


Aud each pound of Silver being worth 3 L. if we 
multiply the pounds by 3, it makes 285093937 J. 
10 4. Sterling. 12 


hat I f large Suin to expend in Silver, beſides the Gold, 
re. d Braſs, and Iron, and ſeveral other Materials. 
ra And valuing the Gold at 36 J. a pound, and ad- 


ing the value of Gold and Silver together, it makes 

49596953 J. 10 6. Eo: 

In te ſame manner all other Weights may be re- 
Iuced to Ours, if you teſolve them into Ounces, or 
ulf Ounces, which are the Hebrew Sicles : Then 
miding the Ounces by 16, or the half Ounces, or 
vcles by 32, you will produce our Pounds of 16 
Vances, or of 32 half Ounces. | 


gs Practical Arithmitick Part ln 


VI. Of the Proportion of Metals. 
Since *tis not unpleaſant to know what Prop | 
tion God and Nature hath obſerved between Me 
tals, we have propoſed the ſame, as it hath ben 
found by learned Men ob late.” © 


I. A Table of the Proportion of the Weight of Il 
tals in parts of the ſame Magnitude, 

| I C2wickfitver 1 n? 

The Ratio of the [Lead „ 

weight of Gold Szloer 1 

to any of theſe Copper SAS 100 toæ 50 


E 


ow 


Metals of the 1:7 | 42 
ſame Magnitude | Iron | ee 
with it. ĩr 

((Common Stone) (105 


II. A Table of Proportion. of the Magnitudes i 
Globes of Metal equal Weight. 


| £ (QuickhiloerY C110 

A Globe of Gold] Lead [| © 115 
whoſe Diameter ] Sz/ver | Whoſe Dia- 121 
is aſſumed 100 Copper p meter is of 3126 
Parts Equipon- In the ſame 133} 
derates a. Globe onꝶn | Parts. © 34 
t. | Marble | : | 186 
(Stone, 1 211 


Noatwithſtanding we muſt know that theſe Proportions ir 
depreterded by ſome accurate Inquititors of pure Metals, ( 
which we here ſpeak) not only among themſelves mutually, b 
alſo in each kind there is ſome difference of weight, ſo that Gal 
to Gold, Lead to Lead, is found heavier and lighter, if they 
gree in Magntude: Yea, and Forged Metal outweighs melt 
Metal, ſince its parts are preſſed together by ſmiteing, far mo 
that by melting or caſting : Therefore we do not here ſeck co 
cerning all ſorts, but are content with thoſe we have touche 


upon. | 
_ 1 CHAP 


rt 


1 | C H A Pri 1. 
0 Of things Pertaining to Money, or of Money. 


bern | 2 | | 4 . I. Of German Money. | 
Ir ere is great variety of Money in this Age, 
from which variety we ſhall chooſe two for 


our purpoſe. an] 
1. The Gold, which is called a Dxcar. 
71; 2. The Silver, called a Rix Dollar. 
5 Il. In theſe we muſt confider two things, 
56 I. The Value. And, 2. The Weight. 
50 For the Ligature, or mixing of more vile Metal, 


42 and the Proportion of the mixt, which in this unjuſt 
41; Hage, according to every ones Avarice, infinitely dif- 
15: fers, in this place we do not Treat; fince our intent is 
10; only to ſhew the Proportion ef the Antient and 
Modern Money, to the better underſtanding of the 
Ancient Writings. Ta! 

III. The Value conſiſis in theſe things. 
10 1. Two of the leaſt Pieces of Money ot Coiners, 
15 Wl viz. 2 of Srrasburgh, or in our Time, 3 of Wirtem- 
21 WF berg, make a Croſs Penny. 5 
20 2. Four Croſs Pence conſtitute a Bazium. 
33 MW 2. Fifteen Baziums, or 60 Croſs Pence make a 
„„ | 
86 J. 100000 Florens is a Tun of Gold, and 1000009 
il WJ we uſually call a Million. 

IV. The greater Sums of this Money are alfo e- 
ſteemed by Pounds, and 12 Half-pence, or 6 Hirt em- 
bers Pence make a Shilling, and 20 Shillings 2 
Pound: And between Pounds and Florens, this was 
the Proportion, that 7 Pounds was Equivalent to 5 
Florens, viz. a Floren was 28 Shillings. 

V. The weight which concerns a Dollar, by the 
Laws of the Empire it ougit to be of an Ounce 
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weight, and the Ducat almoſt the weight of a Dram 500 
it being ſomewhat leſſer: For 67 Ducats make 6, 
Prams. x DE 

6. The Proportion of Gold and of Silver in the 1. 
Ratio of weight, is the {ame in all Ages, and in itz orc 
nature unchangeable, and tis, as aforeſaid, Gold to ef h. 
Silver of the Hane Magnitude is very near, as 100 
to 56, or according to ethers, as 100 to 60; r (- 
contracting the Terms, as 5 to 3, between which, is | * 
the Proportion of Superb! lent Thirds. | 

7. But the Proportion of Gold and of Silver in 
Rai io of Value, is various, and changeable according 
to che wills of Men. = 
1. In old time it was in De 
—: A SI 

2. Afterwards, and tis now in Dxodecuple Pro- 

rtion, that is to fav, if a pound of Silver be worth 
25 tis now ) 3 7. a Pound of Gold is worth 36 7. 

2. In the Imperial Affernbly in the Year 1539, it 
was eſtimated by the Governors of the Empire, that 
an ounce of ſealed Silver ſhould be 8&8 of the afore- 
faid Croſt Pennys. But 8 Ducats almoſt being e- 
qual in weight to a Dollar of an Ounce, it was efti- 
mated at 832 Pence, and ſo it was 4 little mote than 
12 times dearer than Silver. 3 

8. But at this day one Ducat to two Dollars, is 
16 times heavier; in price Duodecuple to Sedetupht, 
fo that one Dram of Gold is changed for 16 Drams 
of Silver. ** 5 

9. And becauſe the weight of a Dollar is an 
Ounce, and the weight of a Ducat almoſt a Dram, it 
is conſtant, and ſo tis uſually faid, that 8 Ducats 
are equal in weight ro one Dollar, or more exadly, 
57 Ducats is equal in weight to 8 Dollars, and the 
Sums of Gold and Silver are reduced to theſe Weights, 
from which the Value at any time may be cally 
eſtimated. 

II. Of 


cupte Proportion, as 


IL Of Hebrew Money. 


the 

1 its word was attributed to weight, and to Silver Money 
1 to Hof half an Ounce, of the Value of half a Rix Dollar. 
100 | 


(The Sicle of Gold is not in uſe : therefore where 
a Sicle of Gold occurrs, its weight in Gold is to be 
xderſtqqd.. ) 


2. And the whole Sicle had its parts, to wit; 
1. The half Sicle, the Figures being the ſame 
ith the whole Sicle ( which on one fide was a lit- 
tle Veſſel of Manna, Exod. 15. and an the other, the 
Rod of Aaron, Numb. 17. ) but of half the weight 
f the whole, or 4 of a Dollar. 

2. A Fourth Part, or a Quadrant, of which we 


+ rad in 1 Sam. 9. 8. which was called Refa, being + 
Mat of a Dollar. : : | 4 : 
re- 3. A twentieth part, called Gerah. 
© 
ſti- Of Money paſſing in our Tims. 


1. A Penny, the Money of the Romans, witneſs 
is Wins Natural Hiſtory, Book 21. Chap. 34. it was 
E; ef a Dram, being 4 of a Dollar: although ſome 
make it greater than a Dram. | | 
2. Didrachma, of 2 Roman Pence, or 2 Drams, be- 
ng of a Dollar in Germany, or of the value of 


al . 

' it *&ven Pence Half- 2ENNLY of Engliſh Money. 

Ats 3. St aler, a Sicle, or 1 in value a Dol - 
ly, ar, 48 Hieronymus witnelles, Chap. 3. in Egech. 


4 The Tenth Part of a Roman Penny, or 4 of a 

5. Alinutum, 3 Aſſarij, or of one Croſs Penny. 

6. Quadrans, 4 of a Croſt Penny, of which we 

ad Mark 12. 42. . 
H 2 | III. Of 


Book II. Ch. H. Qf Practical Arithmetick. 101 


1. The Sicle or Shekel was maſt in uſe, which 
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/x o2 Practical Arithmetic. © Part l. 


III. Of the Money of the Greeks or EC 
1. Of Gold. 


1. Tore Xgvoaus," weighing 2 Dram. 
2. HH evorvs, One Dram. | 

2. Of Silver. 
1. Hen, The Weight, and the None was the fany 


Quantity. 
"0 HutSexy wor, Half a Pram. 


3. Glide xt, of 23 Ted exlter, of 33 Teen erlun 
of 4 Drams. 
4. Opca®, the fixth part of a Dram. 
5. Hurofonuy, the twelfth part of a Pram. 
6. Arofontor, 2; 5 Teroßgbpuer, 33 Teręeig oN 4 Halfpev: Fi 


IV. of the Money of tbe Romans. 


1. Their Gold was of divers Weights, eſpecialh 
under Heliggabalus, which raiſed it from 2 Dram 
which his Predecellors uſed, even to 200 Drams! 
Weight.” © © 

2. And of Silver they had. 

1. A Penny, whoſe Weight, according to Ply 
was of a Dram, and had irs name thence ; whic 
with the Germans. was the value of As ; but if 
Dollar be eſtimated 80 Croſt Pence, a Penny Wa 
valued at 10 Croft Pence. 


Be 


2. Quinarius, having the Image of the Godde ha 
Vi Gry upon it, being half a Penny, with us in EH 7; 
land half a Groar. | we 

3. Sefiertins, the ſame as 4 Quadrans, or half: 8 
Quinarius. tt. 

Here we muſt Note, in Roman Writings, by S eſt 

?ertium, or Seſtertius in the Maſculine Gender, WY 7 
underſtand ſo any Silver Seftertios, as the preſenl 5: 
number expreſſes: Bur by Seſtertia in the Plui * 
Number, is 2851 ied ſo many Thouſand Serin 6; 
Laſtly, by the Adverb, and the Genitive Plural cr 35 
preſtion, they deſign ſo many Hundredth Tho ©! 


bands. 


82 6 


Book II. Ch. II. Of Practical Arithmetick, 103 
Some Examples of Holy Scriptures. © 
1. Matthew 18. 24. An ill Servant owed, 
Talents . 
That is Sicles, or Shekels 30000000 
Which is of Dollars I 5000000 
Verſe the 28. His fellow Servant 
owed him, Pence-—— oh 
Or 15 Florens, 40 Croſs Pence. | 
2. John 12. 5. Marys Ointment of Spikenard 
might have been ſold for, Pence—3oo 
The Sum of which in Florens is 50. 
2. The Price of the Magic Books conſumed by 
Fire at Epheſus, was eſtimated, Myriads—5 
Where, if according to the Propriety of Holy 
Scriptures, we underſtand Pence, 
It makes the Sum of Pence—50000 
That is of Roman Croſs Pence 500000 
| Or Florens — 8333 3. 
V. The Value of Hebrew Silver Money in our Eng- 
liſh Coin. 5 
I. The Sicle or Shekel of the Dy F. a 4 
ry, being double of the Royal Sicle, i—J 2 6 © 
2. The Royal Sicle 1 3 © 
2. Gherab, Agorah, Ceſhitah, Money 8 | 
2 : 4 . 
having on it the Image of a Lamb—— 8 
4. Mina, in Latin ſignifying a pound of 15 Ounces, but 
Libra, a pound, hath but 12 Ounces, that being Haverdupors 
weight, but this Troy weight: A Mina, or pound of Gold in old 
Time was worth 75 J. they eftzeming Gold to be Decuple of the 
Value of Silver; but 'tis now eſteemed Duodecuple: But it ſeems 
they valued their Silver at a higher Rate than we do, for they 
eſteemed a Mina, or pound of Silver of 16 Ounces, to be worth 
71. 195. that is 9s. 3 d. an Ounce, whereas we recxon it at 
5 5. per Oance Troy weight, and ſo a Troy pound of Silver is eſti- 
mated at 3 J. and a pound Troy weight of Gold is worth 3s J. : 
5. The Talent which weighed 30900 Sicles, they eftecmed in 
Gold to be worth 4500 J. And a Talent of Silver they valued at 
357 J. as Mr. Rider ſaith in his Dictionary, but according to De- 
cuple Proportion, a Talent of Gold being worth 4500 I. A Talent 
| of Silver is worth 4121. 10 f. | 5 5 
dm Ch H 4 Grecian 
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Practical Arithmentch. 


$04 
Grecian Morey of Siluer compared with Engliſh. 


Part ll. 


The Artie Dram, Money of Athens, 55 d. 9. 
in value of our E00 Meney— T3 
Attick —— 6 0 

Stater, J Corinthian —— ———— 8 3 
* CMacedonian ———————2 9 1% 
Didrachmum, or 2 Drams——————1 3 0 
Tridrachmum, or 3 Drams———1 10 2 
Obolus, An — —0 11 
Obolus, gin. —— 0 2 33 
Semiobolus - — — —— 0 2 
Diobolus —— — — 0 2 2 
| Atticͤk - mY © 3 3 
an . gs 6 2 


Grecian Money of Braſs, compared with Engliſh. 


A in value of Engliſh Money 0 © 1 
Juadrans, or & part of Oboli————0 8 1 


Minutum —. oye 


=O 0 05 


Of Gold Coin of Grece, compared with Englifh. 


An Attick Stater contains 2 Drams, 


this, according to the Grecians Propor- | 


tion, to wit, Decup/e ; is in value but 
12s. 6 d. but according to our Pro- 
portion, which is Duodecuple , *tis 
WOIth — —— —— 


Srater Mace donicus weighs 2 Attick J 
>18 


Prams, two Obolus's, two Siliquas, 
ot the! r Proportion 155. 5d. and of 
Gurs 
Stater Daricus is equal to the Attick? 
Stoss, therefore in our Value 
Saler Gayco, according to their Prc- 
portion 17 9. 6 d. FANG to 8 


— — — — 2 


1 0 0 


21 


IÞ 


Il. 


> >. we (© w ws © a 0 T 


a] woe 
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Of Grecian Moxey compared with Engliſh. 

The Atticꝶ Pound contains 1092 J. y. d. 

tis worth of ours eos 2 

The Greater Artick Talent is 5 1 
Value —= — 5 

The Leffer i 3 — 0 

(Ot Egypr. 259 0 

Of Syria. 45 17 

= Of 2 125 © 

The Greater Talent. 4 Of Rhodes. 140 12 

Of Babylon 218 15 

Of gin 312 10 

(Of —— 395 © 

The old Siculum————o 3 

e Neapolitan the ſame-o 3 

I 

— 

Q 


TheLeſfer ( from 
the exorbitant 
notion of the 


name ) is thus The new Siculum Q 
called. Rhegt 1 nn .äüö( 0 
As or Afiis the leſſer, is +7 at Do 
zurium, in our value 
As or A/fis the greater, is 10 Mes? 
is in value Denarij .. 
The old Denarium, which is in our] 
Value — —_— — — — — 
The new Denarium, with reſpect to 
which all our Computations are made, vo o 7 2 
is in our Value. commu 
The Value of Ancient Roman Money of Silver. 


Vicloriatus, alſo called Linari. oO O 3 

Seſtertius; which contains ee 23 4 1 
| GG managed — 0 0 1 
Sembella — 1 

O Gold, Axcientiy. 

The old Aureus, or Noble, Weight o 1 
Drams 2. 3—— — 

The new Aureus, or Nate ee iT 


2 Drams — rn nn — 
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By The value of- Modern Roman Money compared with 

1. BF. „ 

I Follrs, ſo called becauſe beaten thin 24 5. d. 7. 
like a leaf, +; +; of a Siligye———- 30 o 0 12 
— — 

Miliariſium, 1 of a Solid Nobleꝰ 

in Value, therefore fince a Noble So 1 3 0 
| weighed 2 Drams, 'tis in Value 
Siliqua, or Carat, 7 1, Of a Dram — 5 


00 
1 


1 1 - 8 1 
p - _ - _ — — app — — — * 
5 . — — 
. 2 1 5 Y -_ 
„ Sf f n 8 a 
* CCC OY IE ng i Rs FE ar” ve 8 5 — 


the greater is in Vue ; Ren, 2 
F Siliqua ſimplex, in Value———o o 5 
lf - 0 Gold. 
| Conſtantines Noble, in our Value o 8 6 35 
I Valentines Noble- 10 90 0 
Scrupulum —— - 2 6 0 


Sums of Money i; in 69% 

Seftertium in the Neuter Gender, which con- *3 1 
tains 1000 Seftertios, in our Value — e 

Libra, or Pondo, a Pound — 30 6 
| JTailentum, or Talent, which contains 24 Feſtertia 187 10 0 © 
4 Sportula, which contains 10 Seſtertias 0 1 6 3 
4 Of Fnglith Money. 

{1 1. A Farthing, is the leaſt Coin, heing made of Copper. 

2. A Halfpenny, being 2 Farthings, is alſo made of Copper; 
formerly there were Halfpence made-of Si|ver, but ſince the Re- 
novation of the Coin, Anno 1697, I have not ſeen any. 

3. A Penny, containing 2 Halfpence, (Silver being at Grains. 


5 c. an Ounce ) weighs, Grains _ 2 
. Two Pence, weighing, Grains — — 19 

5. Three Pence, weighing 1 Scruplc, a and Grains 4 , 28 7 
that is — . 1 5 


6. Four Pence, called a Groat, weighing one Scruple g2 
and z, and 2 Grains and 4, that is 85 303 
7. Six Pence, weighing 2 Scruples, 9 1 and + | 
that i 15 Te It 575 

8. A Shilling, containing 2 Six pences, wei hing 
Dram x, Scrup. 14, _ or * 5 is 5 $1154 
9. An Half Cru, containing 25. 6 d. ee 98 
half an Ounce, or 4 Drams, that is, Grains — 2 
Io. A Crown, containing 5 Fo weightng an Ounce, 
or 2 Drains, that i is Grains — — v 
11. One "Pound, is Eſt: mated Wk, 


py 


575 
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A Table of Weights, ſhewing the Profortion of Gold 


„ A . ⁰ůã ! ̃ © 
hb; 5. d. 7. 


of Silver, . 3 0.0, 0d Fogadeonf, 1200. 
A Pound 3 of Gold, Foalue} 


36 0 © oF weight in Gr. 6912. 


As 5 of Silver, & alue 3 o $ © © ? Ouncecont.8 Drams 


of Gold, 3 0 © oO { weight in Gra. 578 


z of Silver o © 7 22 Dramcont. 3. Scrup. 
A Dram 3 of Gold, naue o 7 6 o {weight in Grains 72. 


| of Silver, I 2 2 Scrup. cont. 2 Obolos. 
A Scruple 3 of Gold, Fvalue o S weight in Grains 24+ 
of Silver r 2 Obol. cont. 3. Caradts, 

Ae Obolus3 of Gold, 5 ralue3 
of Silver 
A Carat 3 of Gold, Fr — } 


3 © { weight in Grains 12, 
It contains and 
. of Silver 
A Grain } of Gold, Fou 


S weighs Grains 4. 
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c H A P. Ill. 
Of Liquid Meaſures. 
Of German or Wirtemberg Meaſures. 


1. A Meaſure, the general word is uſed for the 
| particular, which hath its parts, 2, 4, _ _ 

This 4 part is equal almoſt to the capacity of fix 
Hen Eggs, whence alſo the capacity of a Meaſure 
ought to be eſtimated. Os 

2. And this Meaſure is twofold. 

1. Uſual. | 
2. Ducal, or belonging to a Duke. 

Between theſe, this is the Proportion, that Io Du- 
cals make 11 Uſuals, vis. in Proportion Seſq#1- 
decima, whereby the Ducal exceeds the Uſual by 
Is Part. | a 5 | 
= 3. Ten 
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105 bur Practical Arithmetich. Part I. 
3. Ten Meaſures added together is an Lui, which 
we uſually call I 


Amphora. 
4. An Urn contains 16 Azphoras, or 160 Mea- 


ſures. = 
5. A Plauſtrum contains 6 Urns, that is 96 Am- 
phoras, or 960 Mealures. | 

The Hebrew Meaſyres are, 

1. Lag, the capacity of 6 Eggs, or half a Pint, 
whence tis called by the word Sextariy. - 

2. Hin, containing 12 e or 3 Quarts. 

3. Bathxs, containing 6 Hins, or 72 Logs, or 4 
Gallons and an half. = = 

4. Corus, or Chomer, the meaſure of 10 Bathus, 
of 60 Hins, and 720 Logs. 

5. Cadus, 4 N Thad of Veſſel, of no defi- 
nite Meaſure, but of ſuch a Quantity, that it may 
conveniently be carried on the Shoulders, or in their 
Arms, it holds about 4 or 5 Gallons. 

To Compare the German and the Hebrew Meaſures, 
7s eaſe. | 

For 4 of a Ducal Meaſure, and an Hebrew Log, 
are of equal Meaſure, to wir, both of the capacity of 
fix — Eaes | 

Firſt it appears to be fo by Experience, alſo the 
Rabbins teſtifie the ſame, as may be ſeen in Kimchi, 
in lib. Rad. And Buxtorfium in his Lexicon, on the 
Word Log. | = 5 

A Table of Hebrew Meaſures reduced to German. 
Ini, or 10 Meaſures. Maſz. or 1 Meal. = 1 * 
A Log is 0 
An Hin is — 
Half an Hin is 
of an Hin is 
4 of an Hin is 
+ of an Hin is 
A Bathus — 


O * 


* 
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O OO C = oO * 
* — 
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Corur, or Chomey, contains 9 In or Amphoras, 
that is 90 Meafures Ducal, but 99 uſual Meaſines, 
that is, 45 Gallons of Exghſh Men ſure. 


Some Evcampies of Holy Seriptare. 
I. In 1 Kings 5. 26. The Sea of Solorvon is aid to 
contain, Bath. — — 209 
Which multiplied by 9 (for a Bab con- | 
: tains of Duca Meaſures ) ——onn—— 9 
Produces of Ducal Virtemberg Meafures 18000 
That is, 18 Lader or Plauſtrums, 4 Eimer or Urns, 
L and 8 Ir, or 80 Meaſures. x 
If we would know how much Sabmons Sea con- 
tains of Hiiſb Meaſure z, ſuppoling + part of a 
German Meaſure to be half a pint, for we find Log, 
to contain 4 à pint, and 6 Hen Eggs contain about 
y WW +2 Pint; then a German Meaſure is equal to two 
r Wl Quarts, wherefore multiplying 18000 Meaſures by 
2, the Product is 36000 Quarts, that is, 9000 Gal» 
bos, which is in Wine Meaſure 35 Tuns, 4 Terſe, 
> [Wand 12 Gallons. 
II. 1 Kings 7. 38. Solomon made 10 Lavers upon 
+ 0 turning Baſes, each containing Baths 40; that is, 
2 Eimer or Urns, and 4 hri or Aaphurur in one La- 
ter. That is in our Meaſure 180 Gallons. 


ll. The Liquid Meaſirres of the Romans are theſe. 
I. Ligula or Cochleare, being 3 Drams and a Scru- 
le of our Engliſp Weights. 
2. Cyathug, contains 4 Prgulas, that is one Ounce 
al a half, and 8 Dram, und a Scruple of our EN. 
2. Aceta- 


110 \ Prattical Arithmerick. Part Il. 
3 en that is 6 Ligulas, or Harkue 12 


that is 2 Ounces and x of our Exgliſb. 
4. Quartarius, that is 2 Acetabulas, and 5 of Se, ex- 
tarij; that is 5 Ounces of ours. 4 
5. Hemina, half a Sextarij, or 10 Ounces of ours. 
6. Sextarius. 2 of a Congiy, 2 —_ that is 20 
Ounces of ours; that is, 1 Pint + 
7. Congius, or * Congiarum, 6 Se extarij, 12 Heming, 
that is 120 Ounces of ours, or 4 Quarts. 
8. Urna, that is, 4 Congius 5, or 40 Pounds, or 4 
Gallons of ours. 
Amphora, that is 2 Urns, Or 8 Congius s, that is 
80 Pounds, or 8 Gallons of ours. 
10. Culeus, that is 20 Amphoras, that 18 1608 
Pounds, or 160 Gallons of ours. | 
Note, 1. Amphora is likewiſe called Puadrantsl, 1 
from a Square igure,for*tisa Cubic Figure of 1 Foot. 
2. Sextarius, is twofold, belonging to the City, 
as aforeſaid, and belonging to _ Fang. which | iS 
doubly greater. 1 
3. Sextarius, becauſe it contains 12 Gb it 
hath the fame diyifions as a Pound. e if 
The Reduction of the Roman Meaſure to the Germans, is thus. - 
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I. Under Veſpaſian Cæſar, a Cengiu of Fountain Water waz : 
found to weigh 10 pounds; in which Ratio 80 Pounds fill the 
Roman Amphora, being 8 Congius's, which alſo Pliny and Galen te · 
ſtifie. ful 

2. And the Roman Pound was of 12 Ounces, the ſame as the 
German Phyficians uſe, as aforeſaid. or 


3. Since a Fourth Part of the German Ducal Meaſure weighs 1 
Medical or Troy Pound; a Roman Congius will receive 10 pounds 
or © of Ducal Meaſure, that is Ducal Meaſures 2 1: So then, 1 
Meaſures or Ini equal to 40 J. 


— 2 


4 © 
* 


Ini, Meaſures 1, I er 

& Calms niltbe 0 : : 
Au Amphora is 2 „%% ͤ ͤ :.-0; 3 
an Urne i. — 01 7575 29 3 0-5: 
A Conęius is CO P 
A Serre i. 0: M 1 6: 
An Heinina is — 00 : 2 1 
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| Ini or 10 Meaſ. Maſg. or 1 meaſ. T. 436 Nr 
Q uartarius © :: : 5 
Acetabulum o : 1: OT 20 
_— . n 
o LiIgula 8 0-2 "0. f 0 4/80. 
a More Clearly thus, ach 
Ligula, is 


| Cyathus the KI of t Ty H Of 4 of a 
i Acetablulum, Sextuple of Ligula : (Ducal Meaſure. 
Quartarius, double of Acerabulum * EZ 
Hemina, double of Wuartarius,. 1 of the Eighth 
oo part of one Meaſure. | 
* | Sextarius, double of Hemina, 4 of one Meaſure, 
4%, wanting 5 of 4 1 


IV. 158 Meaſures of __— of the Kii 


* 1. Cehlearium the leaſt Meaſures of the Liquids, 
„ 2 Spoonful. 
5 It 2. Chus, two Cochlearias, 2 Spoonfuls. 
0 3. Cochlearia 7+ © heme 1 2 4, Chema is 2 8 
„ Scruple, 4 Grains, and 3 of a Grain of our Exgliſb. 
Kön wiTren 2. 
- 1 5 G is 2 Concha, and. Concha is 2 Spoo - 
fuls, or 6 Drams of Enel: 72 

6. Oxybaphum, is Cyathus 1 L, that is, 3 8 oncha "3 
or 2 Ounces and 2 Drams of ours, 

7. Cyathus 3, is 6 Ounces and 6 Drams. 

8. Reoruan, or Cotyle, nuinsuε, 2. 0ZUBape 5 Ga- 
thus 6. that is 1 pound, 1 Ounce, and +. 

9. Sextarius, is 2 Cotyles, that iS 2 pounds and 
3 Ounces. 

10. Chema, is 6 Sextarias, or 12 Cotyles, that i 18, 
13 Pounds and 2, almoſt 5 Quarts and a Pint. 

II. Metreta, is Choe 12, r 72, "us called 
allo Amphora Artica. = 

4 


. Praidical Hriebmetich. 


» 


Fart IL 


Bo 
= Proportion 4 the Artick Megfures to A 
be German. = 


Awhors is - part leſſer than the | 
ſo that 10 2 les make 9 Hemuns. 


2. Then fince 2 Roman Hemine, is of tho Daz | 
Meafirre 2: 4, 28 afbrefald : 2083 multiplied by 
produce 18747, which divided lad by 10, produce Ga 
the capacity of the Coryle +9422 of the Ducal Wir. Mr 


remberg Meaſure. 


Ini or Meaſ. 10. Maſz, or Meaſe 1. N 
Metreta 2 9 8 
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| Quartarine 3 
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aufs 
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Imi or Meaſ. 10. 


Maſz. or Meaſ. I. | 7 
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Meaſure. 


EY Gallons. Pottles. Quarts. 


| Firkin of Ale. 
\ Firkin of Beer 
Akilderkin of Ale — 
ABarrel of Ale = 
a Kilder. of a 
«Runlet of Wines 
ABarrel of Wine 
«2 Runl. of Wine 

Alogſnead of Wine 


a Butt or Pi 


Wine — 


— 


Table of Equation of Engliſh Liquid 


o = iC $*== 
og = I= 26 


23 


Pints. 1 Pints. ' Pints. 
= lad == 236 
72= 144— 288 


16= z = ii 206= 512 
32= 64—128= 256 — $gI12=1024 


18== 36= 72= 1H 288. — 575 


36= 72=144= 288= 37621132 


63<=126==252= 504—1008=2015 
iTercion of Wine = 84—168=335= 67221344 2688 


Pe of 125 =2522=504==1008-22016==4032 


Tun of Wine——252==504=1008—201 6 = 4032 28064 
run of Sweet Oil —235 =4725=944—1888—3776—7552 


This Symbol = ſignifies Equal to : Read the 
lable thus; A Firkin of Ale equal to 8 Gallons, 


d walions equ 
2 Quarts, and ſo 


of the reſt. 


equal to 16 Pottles, 16 Pottles equal to 


Note, That the Beer or Ale Gallon (now in uſe) 
01tains 282 Cubick Inches, and the Wine Gallon 
1, and the Corn Gallon 272 4. 
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c HAP. IV. 
e Dry Meaſures. 


I. Of the Germans. 


I, A ar. containing 25 Pounds 8 Ounce MW - 
A which kind of Meaſure hath its Diviſions M = 
5 wit, an Half Part, a Fourth Part, an Eighth I 39 
art. | i | 1 
2. Medimms, containing 8 Meaſures. 

3. The comparing of theſe Meaſures with the] 
Meaſures of Liquids is thus. 

Tryal being made, it was found of, That a dry 
i Meaſure anſwers in Proportion to the Capacity of il , 
Ducal Meaſures 12 + very nigh, exceeding ohly = c, 2 
| of a Meafure : For a Meaſure exactly contains 12 7% Me. 


| that is, 12 Meaſures 1 1 1. IF, nevertheleſs, that g 
| near Proportion be fetained for the fake of roum :I 50 b 
= neſs, it will be thus. | le 


Medimmus, is. 100 ) 
Half Medimnus, is 500 _. 
| | A Meaſure, i122 Of Ducal 
| Half a Meaſure, is 6 ( Meaſures. 

> of a Meaſure, is 3 4 \ | 
F of 2 Meaſire, WI 


- 
* 
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II. Of the Hebrews Dry Meaſures. 


J. Cabus, whole capacity is eſtimated 2 
full, being abour 3 Pints and 3. MU 
2. Satum, being 6 Cabus's. 
3. Epha, containing 3 Satums, or 18 Cabus . 
Ml 4. Comer, the Tenth Part of an Epha. 
mW 5: Corus and (homer, containing 10 Ephas, or 
uh 30 Satums. | LIES 
6. Lethech, is half a Corus, or 5 Ephas. 


te The Reduction of theſe Megſures to the German 
Meaſures, may be done thus. 


YO 1. Bare in Liquids, and Epha in Dry Meaſures, 
' 5M foalſo Corus or Chomer, both in Liquid and Dry 
un Meaſure are the fame. 7 | 
that 2. Since then the capacity of Batus was found 
ud. r be 9 Ducal Meaſures in Liquids, the Epha will 
te the fame: And the Corus or Chomer is 9 Ampho- 
ras, or 90 Ducal Meaſures. 

3. Laſtly, ſince a Satum is + of an Epba, it will 
contain 3 Meaſures, which is alſo the capacity of 
{part of a Modius, to wir, of Meaſures 12 + : For al- 
though a Fourth part of a Modius contains 3 Mea- 
ſures, and 4 part; Nevertheleſs, becauſe this Capa- 
Cty is a little greater than juſt, 3 whole Meaſures 
my be compared with + of a Modus without any 
nconveniency : therefore let Satum be 3 Meaſures 
n Liquids, aud + of a Modius in Dry Meaſure. 


Ia this Proportion in Dry Meaſure is contained. 
, OfNl 1. Cabas, a fixth part of 2 Aoldins, 


12 2. Satan. 
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116 Practical Arithmetick. Part Il. 
2 "SR one Modius, or Ducal Meaſures 7% 
2. £pba, 3 Modias's, or Meaſures 373. 

4 Corus or Chomer, 7 © : Modine” s, or Meaſures 
93 
355 Lætech, that is 3 Modius's, or Meaſures 374. 
6. Gomer, anſwers very near to one uſual Mea. 
ſure, being ſomewhar leſs than an _ Part of 2 
Modins. 


Examples if Holy Seripture concerning Dry 
A eafures. 


I. In! Kings 4. 22. And Salami uon fir one 
day was 30 Corws's of fine Flower, and 60 Corus's 
of Meal, that is 81 Medinnus's of the Germans, if 
we attr! hute to Corvs 90, and to Medimnus 100 
Ducal Meaſures : But if to Corus we allow Mr 
diss 7 7, it produces 84 Medimnus's, and 3 Ms 
di:s's of German Meu Are. 


. 5; Kings 5. 11. And Solomon gave 8 Kis 
of T re 20000 Coros of Wheat, and the ſame num 
ber of Corus of Barley, the Sum whereof 1 is CO 


T'US'S 40000. 


Thar 1s 36000 Medimnus s of Proviſion. 4 
ed Grecian Dry Meaſures. — 
One 
1. Ccpleare. due 
2. Cyathus. f, The Capacitics are the 

2. Oxybaphum. > ſame in Dry Meaſure as BF one] 
4. Coryle, in Liquid. One! 

5. Setariis. | 


. Medinnis, contains Chenicas 48, anſive 
ing molt plainly to Merreta : Hence tis plain. 


Y 


um: 
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48 


Book II. Ch. IV. Of Practical Arithmetiet. 117 


The Reduction of theſe Meaſures to the German. 

For ſince Metreta contains of German Liquid 
Meaſures 27, that is in Dry Meaſure, Modius's 2 2, 
the ſame alſo the Az7:c& Med imnus contains. 

And this Chænicas, Sextarios, and Cotylas bein 
divided into the parts of Medimnus, conſtitutes the 
ſmall German Meaſures of Dry things. rather Mea- 
ſuring by Veighty than by {mall Vellels. = 


— — 


IV. Of the Romans Dry Meare. F 


, os oo 


; Ligula. 
2. Cyathus. , They are likewiſe the Apia 
2. þ e ny of bk kinds, as well of Dry, 
4. Hemina. ow of Liquid” Meaſures. 
5. Sextarius. i 


3 


6. And Modius contains Sextarios 16. 
7. Semimodius, the half of it, or Sexta710s 8. 


The ReduGton of theſe Mea ures to the German. 
We have before made the Sextari iam ; of German 


Liquid Meaſure. 
Modius then being Sexctarits: 16, will be 8, or 6 
Meaſures. 


A Table of Equation Z Engliſh Dry Meaſures. 
Laſt Weizh Chald, Quar. Buſh. Pecks Pints 


One Laſt is I— 2 2 = 10-=80== 320-=$120 
One Weigh- I=1I, SH == 16022560 
One Chaldron of Coals 1——— 1 42836 144 22093 


One . of Wheat 1 ———_— 


| ==" . - 512 


Pecks. Galle: Pottler. Ce Pints 
One Buſhel of Water Meaſ. is 5 — 10 20 40 = &2 
One Buſhel of Land Meaſure 11—=q4 — 8 = 15-= 32 64 


O1e Peck i — 2= 4= C= 16 
Une Gallon f(g —— - 22 _— 8 
Cane Pottle is o——c——_— _ 2 4 
One Qiert is J.. A 
| : „„ 


he. - 
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A Table of Equation for Engliſh Morey. 


c 


| Maths, Angels, Nables, Crow. "SIN. Gra. Pen. Barth, 


1 1. Ster. is 112 2== 3= 4= _ RG IK: 


®. 4 - 


A Mark'is 


An Angel is — 


+ 4 
* In. 
— 


A Noble —— =19= 6288 a 80=320 


1 2 1. 232 13.4 
1 $=2= 15 3012 0 480 


60 cl 


A Crown 1s — —1 2 5 — . .60==240 10 
A Sbilling 1 — j 3 12 48 10 
A Groat .——— —_— 4 1s 
A Penny is —— 3 — = 1P 
4 nne TN OAT EY FE 100 
4 Talk of Equation for Troy Weight 1D 
E 


Pounds, ws, Pen, wiz. Cuts, Grains, 


1 Hundred Weight is 100 300==24000-=28800=576000 


4 a Hundred Weight is 50 600. 12000144. 208000 


4 of a Hundred Troy is— 2 = 300= So. 


4 ofa Hundred is 12 45 Nr 3000==-3600-== 72000 


2: Pound no is 


4 
— — 


12 240. 


30 


J Ounce Noy i Gs Ce Ca 


1 Penny Weight — 


-7200==1 44009 


— 1 


288— 6760 
1 
24 — 


2 13 


430 
24 


20 


— 


mw >> A 


Carot 'Troy is 1 


2 . gat 


1 Grain 5 ———— 


—— — w [ 


— 


A Table 
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A Table of Equation for Ow. 
Maeigbt in England. Fw 


Hund. Ston. Pound. 8 Drams.  Scruples. Graing, 


= 75 C 20=280=2240=3 5840=286720=860169=r 7203200 


1 Hund. is 1 =I 143364308 850160 
One & Hind: is 7= go 896==7168—21 $04 430080 


2 of an Hund. is- 3 1 28= 448:= 3534—107g2— 215040 


3 of 4 of an Hu. is 5 Sm; 224 = DD $375== 1075 20 
1 Stone weight 1 Tar 9 128 1024 30 61440 


1 Pound is .—.— I 16 18 384 7680 


1 Dram is 9 I— | < == 9 
1 Scruple is. ——— 1 3 


- * - ; 
i Grain 15 rr 2 Eo gy, 


Fo ol 


CHAP. V. 
0f the Meaſure of continued Things, or of 0M. oe 


gitude. 
I. Of the German. 


HE leaſt of theſe Meaſures is a Grain of Bar- 
ley : Hence they are. 

2. A Digit, the breadth of 4 Grains 

3. An Inch, being 1 of a Digit. 

4. A Palm, being 4 Digits, or 3 Inches. 


4 5. A 
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5. A Span, of, 3 Palms, 9 Inches, o or 12 2 Digits 
6. A Footz of 12 Inches. | 


7: A Cubit, of 1 Foot and an Half. 18 Inches, 


8. An Ell, of 6 Feet. 5 F 
cc 

9. A Perch of 16 Feet, 1 50 of which 1 an 
Acre of Land : that is mes — drawn into i 7 
Ref rot==t 5; : „ 226% 7 : 
: Y. Of ibe e e + 0 
ee e 

J. Bebo, a : Digit _ 1 

2. Tæbach, a Palm, 4 Digits, © or 3 Inches. = 8 


3. D/ereth, a Span, of 3 Palms, 9 Inches, or 12 the 
— 


git 

4. A Cubit, which is either Common, containin Ne 

2 Sa or 24 Digits,” or 18 Inches, that is 'a Foot bei 
and an half: Or Holy, which exceeds the Com. | 
mon by a Palm, to wit, containing 28 Digits, of ;_. 
21 Inches. ; = 
F. Coneb, a Meaſuring Pole, a Reed or Perch Bre 
which may have more or fewer Feet, or Cubits. Br 


The. Holy Rod of Ezechiel did conſiſt of 6 Holy 
Cubits, 5 10 Feet and an half. But the Com- 
mon one is 9 Feet; for a Common Cubit was 4 
Foot and an half, 6 of which made the Common 


kod, I 
III. 0 by 


65, 


4 
nt0 
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III. Of the Grecians. 


I, Ga, 4 Digit, or the Breadth of the Finger. 
2. A Pali, conſiſting of 4 Digits. | 
3. A Span, being the Interval between the Fore- 
Finger and Thumb, when extended to the utmoſt, 
confiſting of 10 Digits, or of Palms 22. 
4. A 1 ht Palm, is the meaſure from the firſt 
art of the Palm, to the upper part of the Middle 
Finger ; It is 11 Digits. £ 
5. Dubai, 12 Digits, to wit, The ſpace between 
the little Finger and the Thumb, the Fingers being 
nende * | 
6. A Foot, of 16 Digits, or 4 Palms. 
7. The leſſer ſhertned Cubit, the meaſure from the 
Elbow to the Fingers incloſed, being Digits 18. 
8. The greater ſhortned Cubit, the meaſure from 
the Elbow to the Fingers bent, containing 20 Di- 
gits. | 


being 6 Palms, or 24 Digit. 
10. A Pace, its Appellation is taken from ſpread- 
ing abroad, or ſeparating the Hands: for it is the 
Extenſion of both Hands, with the Breadth of the 
Breaſt, called in England, Fathom, or 6 Foot: 
11. An Acre, being an 100 Feet in Length and 
Breadth. 12 | ; | 
12. An half Acre, being half ſo much. 


| IV. Of the Romans. 


I. A Digit, or Breadth of a Finger. 

2. A Palm, conſiſting of 4 Digits, or Fingers 
B:eadths. | | 

= EY 


- Great Cubit, the Interval between the bend ing of 
the Arm, and the upper part of the Middle Finger, 
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3. A Foot, of 4 Palms, of 16 Digits, divided in. 
to 12 parts like AH ese. 117 
4. A Cubit, being a Foot and an half. 
5. A Pace, 5 Feet. | 


Hence are Meaſures belonging to Husbandry. 
1. The leaſt Meaſure, being 120 Feet long, and 
4 broad. Bk a 
2. Ihe Square, or Quadrate Meaſure, being 12 . 
Feet in breadth, as well as in length, 15 3 
3. The Double Meaſure, in length 240 Feet, and r | 
in breadth 120. | $0 15 
Of Comparing theſe Meaſures with the German. 7 


There was great variety of theſe Meaſures among jou 
the Ancients, even as there is at this Day, not only 1 
by reaſon of divers People, but alſo according to M® 
the variety of Places among one People: The Fur MI, 3 
truly of the Grecians, was the Roman Foot, and half 
an Inch of it, that is, a Four and Twentieth part Wi 
more; ſo that 24 Feet of the Greciqns contain 25 MD 
Roman Feet : Moreover the Roman Foot is other- 
wile aſſigned by ſome others OO 

Whence tis difficult, or rather impoſſible to in- *** 
ſtitute a Compariſon between theſe Moaires and 
the German Meaſures. 

For fince for the moſt part, the Meaſures of the WM * 
Ancients; as well as of the Germans, are taken from 
the Parts of Human Body of Juſt Stature, there- M 3 
fore it behoves there ſhould be no great difference 
between them: And therefore we ſhall not err much 
from the Truth, if we uſe the German Foot for the . 4 
Foot of the Ancients; and from it alſo Judge of 
other Ancient Meaſures depending from the Foot. 


Gn dd 
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Loot. 


CHAP. VI 
of Meaſures uſed in Meaſuring the Diſtances of 
Plates. | | 
I. Of the Germans. 


i PHE Diſtances and Intervals of Places at this 


day are meaſured by Miles, from a word 

borrowed of the Latins, which thing is divers: For 
the Germans define Miles by the Time in which 
ſome expedite Traveller performs ſome ſpace , 
— Time, ſome conſtitute longer, and others 
2. Yet for the moſt part they define a Aile by the 
journey of 2 Hours, and that, according to the Parts 
of Hours, is to be diftinguiſhed into Halves, Quarters, 
and Eighth Parts. | 

3. Some People of Europe uſe Leagues, as the 
dpaniards, and they define a League by an Hours 
— which alſo are Travelled ſooner by ſome, 
end {flower by others; whence this Meaſure is very 
tallacious and Ambiguous. 

4. Among the Ancients there was a Method more 
accurate. For, | 
1. The Romans and the Greeks did begin from 


2. From à Foot was made a Pace, among the Ro- 
mans 5 Feet, and among the'Gree&s 6. 

3. Thence a Stadium, containing of the Romans 
125 Paces, that is, 525 Feet, and of the Gree&s 100 


Faces, or 620 Feet. 


4. Stadium was received among the Romans ap- 
pertaining to a Mile, which was of 8 Stadiums, or 


loco Paces (hence the name arrived) that is 5000 


tect, as Co/umela teſtifies, although Plutarch and 
luidas aſcribe to a Mile ſomewhat leſs. of 


$+1% 
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= 
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Of Reducing the Ancient Miles of the Romans 
to the Germans, & at this day. „ 
Since there are great variety of Opinions about 

this matter, let us hear firſt what Lipſius ſays 

which was the great Admirer and Inveſtigator of 

Roman Antiquity. He in his Epiſtolical Inſtit ution l L 

Century the 3. Epiſtle 59, to Nicholas Mzcaultiun dþ- 

writes thus : Bore: YA; Won 

We, ſaith he, for the moſt part compute by Leagues 14 
and thoſe we finiſh by Horary Space. Now "tas ſought M Or. 
how many Antient or Roman Miles are in ou; ; 

League ? Commonly they allow three, and not. amiſ, Ml of 

F we conſider the Italick or Roman at this time; if MW: F 

the Ancient, I fear they err. He that inſpeds ail” © 

compares the Itinerary, or Diſtance of Places of AM, | 
toninus, 077, ſee plainly, thoſe Miles are, exceeddWM 1 tr 
by theſe of this time: Which the Interyals of Stones 
which are extant at this time in the Ancient Wil — 
frenifying: Miles with their Numbers, will ſhew the 
55 and which will appear the ſame from ours, as 
follows. | | 
For if we take only 2 Miles in one of our Leagues, Of 
the Diurnal Spaces diſpatched by a Man twill ariel “ 
up above all Humane Strength, but that of the Stones 
rs of it ſelf firm and extant, with others at this tim; 
alſo in Luſitania in the Kings Highway, where all the 

Mites are diſtinguiſhed by each having its inſcribe 

Column, which are the Dimenſions of the Spaces. ſure: 

ly they ſhew that 4 of them come into one League, 

therefore dos follow this: Hicherto Lipſiuus. And 


according to this Computation of Ligiſius is the fob. 2. 

lowing Calculation. cies 
| DE - wit, 

: Hours. Italian Miles. Stadiums. Paces. Feel. WI Quad 
A Sparich League 1. 4. 32. 40. 25000 2 
4 Cerman Mile. 2. ans. * 64 $0co. 4000 e 
A 1 abi? 85 
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4 Table of Equation for Engliſh Long 


bor Meaſure. 


= of | Mil. Furl. Perch. Yards. \ Feet, Inches, Grains. 
ion I League is 3 —=24==960==597 141791424 


„l Mile is—1 = 8—320— 1760 23280 —63 360=190080 
ZN, BY 3 Furlong i- 1. 40 220 — 660 —7920— 23760 
1 Perch, Rod or Pole i— 1 51 — 16% — 198 594 
1 Acre is of ſqu. Perch 160— 880 — 2640 — 792— 2376 
00 Wy Or one} in Length 40— 220 — 669 —7920—23760 
gh Acre 1 in Breadth= 4— 22 — 66 — 79 2376 
Road or z Tin Length 40 | 
71/5, of an Acre is F in Breadth i = 54 — 16% 


4 i 1 Fathom is | — — 6 S 72 — 216 

4E is —_ , = 86 (1385 

A Tard is ͤ—— —A—ę—ů— — — 36 — 108 
ly 1 Feot 12. ä — 17 — 12 =— 36 

„11 TTTTTTTTT = 3 

Oles | 

UC) hos Sener 

) the | 5 


F Addition and Subtraction of divers Species 


or Particulars. | 


* Supputation or counting of divers Species 
or Parts of any Meaſure, fince it hath ſome- 
thing peculiar, we muſt likewiſe admoniſh the ſtu- 
dious in Arithmetick concerning it. | 

1. In Addition and Subtraction, like Species or 
Ranks muſt be placed under their lie. 

2. Conſider well, how often the Antecedent Spe- 
cies or Rank contains in it ſelf the Conſequent ; to 
wit, whether or no *tis Double of it, or Treble, or 
Quadruple, NI fon nn phe fe huts are 
3. If any intermediate Species or Rank be want- 
Ing, its place muſt be filled with a Cypher or o: 
Theſe being obierved. 4 My, 


Practical Arithmetich, 
I. In Addition. | 
How many times you collect the Antecedent Spe. 

cies or Rank, ſo many times you muſt add Uniy 

to the Antecedent Number; and under the Species 
or Rank in whoſe Numbers you occupy, you muſ 
only place that which belongs not to the Anteceden 


Species. 
H. In Subtraction. 

When you take or borrow ſomething mutual) 
from the Antecedent Species or Rank, reſolve thi 
firſt into the Species which you handle, and fo fron 
thoſe two Numbers joined, the Subtractien myſt be 


Part]! 


126 


made. Es 
Example of Addition. 
Hundr. Lib. Oun. Drams. 
3 - 23 
To be added 3 3 


— 


The Sum is -—14 ;- 26 1 


9 > 


Example of Subtraftion. 
5 | Barrels, Kilderkins. Firkins. Gallons, Quart. 
, 1 23 7F : 10 +: 2 
The Swbducend. 3: 3 3: 6 224 


rw. 


UTC TIT” ECD ITT SS” FS. « F121 $7 * LL WS iS 5 + *- 


— 1: RY : 2 ; 3 


— 41 


CHAP. VII 


Of Multiplication and Diviſion of divers Species, 
in Ten Feet, and Sixteen Feet. 


F OR .this Multiplication and Diviſion of diveis 
Species have the chief place in the Numerat! 
on of Geometrical Meaſures in Germany, to wil, l. 


I. In 


Magnitude and Intervals. 


/ 
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| I. In Multiplication of Ten Feet, 
1. Like Species or Ranks are placed under their 


e. a 
Thoſe in this place are Perches divided into 10 
fret, a Foot into 10 Digits, a Digit into 10 Grains, 
a Grain into 10 Scruples. 2 
2, If either in the Multi er or Multiplicator, 
ſome Species, either in the Beginning, or in che Mid- 
dle, be omitted, it muſt be ſupplied by affixing a 
Cypher, or o. | 7 
hich, altho not always necellary, yet it is uſe- 
ful to know the Species ariling. 2 
3. Conſider how many divers Species, beſides 
whole Perches, is contained both in the Multiplicand 
and Multiplier. 2 | 
4. The Multiplication being finiſhed according to 
the common way of working, ſo many figures are 
to be ſeparated from the right hand by ſome diſtin- 
Cion, as be apparent in the divers Species, or Ranks 
of 1 or Parts, in the Multiplicand and Mul- 
tiplier. | 
Tho ſo the laſt Rank of Numbers placed before 
the Diſtinction on the left hand, ſignifie Perches or 
Poles, and the Antecedent firft Figure deſigns the 
firſt Species or Rank after Perches: the Second 
ſhews the Second, the Third the next, and fo on. 
Example. 


| Ten Feet, Feet. Digits. 
Let us Multiply—456 7 5 


ym mann $ 333 
WW 
The Products 228375 3 


— 


The Sum- 2649.3 © 0 
Then becauſe in the Maltiplicand and Multiplier ( beſides the 
{en feet or Integers which are not numbred) there are four di- 
rers Species or Ranks: Therefore the four firſt Numbers, to wit, 
i. 5- O. o. being ſeparated, the Sum produced is, | 
Ten Feet. Foot. Digits. Grains. | Scruples. 

2649. 1. 3. o. o. 


II. In 
1 
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II. In Diviſion of Ten Fret. | 

1. You muſt take care, that not only the omitted 
Species be ſupplied, but alſo that in the Dividend 
and the Diviſor, the laſt Species to the right hand 


are alike, which if the numbers do not ſupply, muſt 


be effected by Cyphers. 


2. Then Divide according to the common way of 


working, and in the Quotient you will always find 
the Species to be integers, or Perches. | 
3. But if there be a Remainer, add a Cypher to 
it, and divide again by the ſame Diviſor, and the 
Quotient will be the next Species or Rank to Per- 
ches; to the Remainer of this, if you add another 
Cypher, or o, and divide again, you will find the 
Species next to the former, and ſo you may proceed 
as far as you pleaſe. ' i 
<5 Example. 


„ Ferebes. Digits - Perches. Feet. 
Let us divide 92. 8. By 6. 4. 


Then firſt, becauſe in the Dividend, the interme- 

diate Species of Feet, and in the Diviſor the laſt Spe- 

cies of Digits is left our, therefore I ſupply them, 
that like Species may ſtand under their like. 


In this manner. 
2 25% ,NPerelts. Feet. Digits 
Dividend —92 : © :: 8 
Divitor ——— 6: 4 : © 


The Diviſion being done after the common way, 
chere will be in the Quotient, Perches — 14. 
| With the Remainer —————- 248. 
I0 theſe if Ladd a Cypher—— 2480. 
© And Divide further by ———640. 

I 6nd in the Quotient, Feet —— 3. Wh 
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with the Rem.— 55 The Operation. 
To which if I > 5600 ' (2(4 

111 2 2 8 Pe. (5(6(o Fe. (48 o Di. 
n dividing by & 4 g & (14 2483 (3 | 6298 
I find Dig. 8. 480] [1 A 7 | 6 4 5g 


and a Rem. of 


With which we muſt proceed in like manner, if 
we would cut it into the ſmalleſt parts. 

amy; Ten Feet continually divided into Ten 
arts, in ſome places is not in uſe, but either Twelve 
„beet, or Sixteen Feet, as in Germany: Yet notwith- 
" Minding theſe may be aſſumed to be changed into 
Ten Feet and Tenth Parts, becauſe of this eaſie way 
of Computation, preſerving the remaining length of 
the Perch, and the Multiplication and Diviſion be- 
ing ended, you may reſolve them again into the u- 
ual Parts. e 
But if any one will retain his own Perch, with 
ts Diviſions, and will inſtitute the Multiplication 
and Diviſion of them, although it be more Labori- 
0us; we will alſo ſhew him the way of working by 
dem. | | 
al i If then the Sixteen Feet Pole of the Germans 

be offered. | | 


Which, to wit, is Divided into 16 Fer, but the 
Foot ſubdivided into 12 Inches, (for which notwith- 


anding, for eaſe in working, we will aſſume 16 
pits to be equal to the 12 Inches) 


In Multiphcation proceed this. 5 
1, For conveniency, make the number which hath 
loſt Species or Ranks the Multiplicand, and put it 
the firſt place. Dy 5 
2. Place like Species under their like, and to this 
i ſubſtirute Cyphers in the middle and end, in the 
lent places. | 


Vith : K 3. Write 
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3. Write the Product of every Species ſeparately 
and exactly, whether it conſiſt 2 or more . 
— 38-5 1 
4. Add the Numbers of every place into one Sum ai 
5. Reduce each of the Latter Species to the An or 
tecedents, if they are contained once, or oftner i 1 
them, by taking or aſſuming for each 16 of the Lat. of 
= one of the preceding Species, to be added to tie C 
ame. NI | | 


Example. 
Perches. Feet. Digits. 
Let! 3 : 4: 6 
Be drawn ines 2 1 5 
| 306 
Numbers of the Prod. 9: 12 : 18 : 
| 68 229 | 


» »„— dE. nad a — 
—— — P > pany 


Sum of them 6 : 17 t 30 
„„ 3: 9 RIS ; 14 


6. And that you may know the Species arifing 
note the following Rules. 


Of” the Species coming forth or ariſing, 


RULE I _— 

Digits drawn into Digits, produce Square Digits 

16 of which conſtitute one of the Antecedent Se 
cies, to wit, of a Foot long, but of the Breadth « 
one Digit only, which Geometers and Land Meaſi 
rers Call a Contratted Foot. 


RULE 
Digits multiplied into Feet, make ſuch Feet 0 


Digit Broad, 16 of which make a Square Foot, + 
RUL 


be transfer d to the Antecedent Species. 
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. 7 2 


Digits drawn into Perches make Perches one Di- 
m. git in Breadth, and 16 of theſe Perches conſtitute 
An one Perch having a Foot in Breadth, and therefore 
r nf to be moved forward one Rank or Station; Perches 
Lat-M of this kind a Foot broad, are called by Land Meaſurers 


the Cnrraffed Perches. 
| | RULE IV 


Feet drawn into Feet, make Square Feet, one of 
which is of the ſame quantity with a Perch a Di- 
git broad, and therefore may be placed in one Rank 
or Row, and is accounted for one Species: For as a 
Syuare Foot contains Square Digits 256, To alſo 2 
Perch one Digit Broad, each one of the 16 Feet 
contains 16 Digits, in all 256 Square Digits: There- 
fore as often as you have 16 Feet, or 16 Perches a 
Digit Broad, ſo many Unities muſt be added to the 
Antegedent Species. | 


RULE V, 


feet Multiplied into Perches make Perches one 
Ft broad, 16 of which conſtitute a Square Perch, 
and therefore by the Unity to be transfer'd to the 
„int Species. | ; 


0781 | 
1 But Perches drawn into Perches make Square Per- 


cee, which is the firſt or chief Meaſure of Fields. 


Theſe Rules being obſerved, we ſhall have in the 
lorelatd Example by Multiplication, 
Square Perches 7. 

Perches a Foot broad —3. 

| K 2 Square 
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: 
Square Feet or Perches 1 Foot broad—9, 
Feet a Digit broad. ——7. 
And Square Digits 14. 
Others ſay thus. 
1. Perches by wlatſdever Species of 4 Fraftion 
they are Multiplied, they reſtote that ſame Species 
of the Fraction. Bn 
2. Feet drawn into Feet make Digits, Digits no © 
Feet make Grains, and Digits into Digits make 
DE... IE 
So then in ous Example of Multiplication in the 
laſt Product, there is; oo | | 
| Perch. Feet, Dig. Gra. Scrup. prc 
| . 23 9. . 
5 The Thing is the ſame, only the Appellations di. 
= | Wy moi 
By Percbes truly are underſtood Square Perchts; ¶ Per 
bur by Fret, Perches a Foot broad: By Grains, Heri 3. 
a Digit broad: Laſtly, by Scruples are underſtood by t 
Square Digits. Mr | - ; 
1 og als 
Therefore the Species coming forth, you may cafiM ind 
know this. —_ 
Compleating the void Spaces, or ſupplying the 
Spectes omitted, ſeparate from the Product ſo mam Le 
Species or Ranks as are found in the Multiplicandſ Th, 
and Multiplicator, beſides the Integers : Then the} Th 
Firſt number before the Note of ſeparation ſhewY a; 
 Perehes, the Second Feet, the Third Digits, tha Th 
Fourth Grains, the Fifth Scruples. Thi 


Example. = Dr: 

Let us Multiply 10 Feet, and 6 Digits, by 8 Digit, Wh 

| | : percb. Feet. Dis. Ma 

The numbers then will ſtand thus—0o : 10: - The 
0: 0: 


Multi 


ä 5 Sire #4 Digs: 
- Multiplicand—0o : 10: 6, 
Multiplier——0o : © : 8. 


* 


oe; - 8-03: a 
Products — 0: : o. 

20 3 Get OS 3 

100 Z Reduced-———o 2 0 3-0 3 
e By ſeparating 4 Figures, for the 4 divers Species 
of the Multiplicand and Multiplier. 

no Ba Per. Fe. Dig, Gr. Scru. 
ake The Species produced will be—o : 0: 5 : 3 : 0. 


the IV. And laſtly, In Diviſion of Sixteen Feet. 


1. Omitting other ways more difficult, reduce the 

propoſed Numbers to the leaſt Species, by continual 
Multiplication by 15. | eo 

dif- 2. They being reduced, divide them by the com- 


mon way of Operation, and the Quotient will give 


Perches. - 

3. Multiply again the Remainer by 16, and divide 
by the former Diviſor, and you will have Feet in 
the Quotient : So alſo work with the Remainer of 
this Diviſion as often as you pleaſe, and you will 
ind in the Quotient, Digits, Grains, &c. 

Example. 
Per. Fe. Diz. 
Let the Dividend be———+—8 : 4 : 3. 

The Diviſor — 8 

The Dividend in Digits will be — 2115. 

And the Diviſor 1368. 

The Quotient iS———-— rt Perch. 

The Remainer— — 747. 

Drawn into 16, produces - 11952. 
git. Which Number divided by) — 1368. 


— —— 9 


Di Makes in the Quotient 8 Feet. 
6. The Remainer — loc. 


8. With which you may work in the ſame manner. 
ult! 1 3 O F 
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GEOMETRY 


The PREFACE. 


L SDEOMETRY #+ 2 Science which conſider 
be Principles, Kinds, Affections, and Habi. 
tudes of Magnitude,, and teaches to meaſure then 


Artiſicially. 


The word Geometry, attributed to this Science, is 
called a ridiculous name by Plato in his Epinomide: 
For Geometry zs properly the meaſuring of the 
Earth But this Science conſiders not only the Earth, 
but all Magnitude in general; therefore more tru 
it ſhould be called by a more general word Mathelb- 
gia: But becauſe the name of Geometry is commun- 
ly received, tis therefore retained, and its fignific 


tion is Amplified by Synecdoche. 


II. Therefore the Subject or Matter about which 
Geometry i converſant, is Magnitude. 

( It conſiders this Abſtractively, /o that it ſepi- 
rates it from all certain and definite matter. ) 


III. And we conſtitute the Parts of it, Six. 


1. Elementary, wh:ch ſhews the Definitions, Axioms, 
and Petitions, concerning Geometrical things. 

2. It treats of Circles. 

3. Of Triangles. 

4. Of Right Lines. | 

5. Of Superficial Planes. 

6. It propoſes divers Theorems and Problems con- 
cerning Solid Bodies. | 
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C H A P. L 
O Magnitude, and its beginning, 4 Point. 


I. M. Agnitude is Quantity continued, the com- 
mon parts of which are Joined by a Term, 

or Bound. 

2. A Term is the Extream of Magnitude. 

3. A Common Term, is the Extream of One, toge- 
ther with the beginning of another. 

And the firſt Beginning, and laſt Extream of all 
Magnitude is a Point. 

4. A Point, is that which hath no part, and there- 
fore is ne ſomething Indiviſible. 


CHAD. II. 


Of the moſt Common Affections and Denomina- 


tions of Magnitude. 


Ti moſt common Affections of all Magnitude, from which 

they are frequently denominated, are, 

I. Symmetry. |Commenſurable, and the contrary. 

W fd have 5+ "wang 

Magni- roportionals 

ca op 9 I Rational or Effable, and the contrary 
Touching one another mutually. 


3. Proportionality. 
4 Reaſon or Effubility 
5. Contact. 


6. Sen, 22 to beo C cutting through. 
Agreeing. : 
K 4 . Magni 


7. Congruency, 


136 Of Principles of Geometry. part I. 
1. Magnitudes are Commenſurable, which are mea. 
ſured by the ſame Meaſure : As a line of 20, and a 1 Pr 
line of 13 Palms, are Commenſurable, becauſe a line I. 
ol _ and an half, and + part of a Palm, meaſure 
Incommenſurables are the contrary, which admit 
of no common Meaſure, as the Diameter of a Square, 


and the Side of the ſame, and many others. ot 
2. Proportion or Habitude, are thoſe things which IM 1 
are laid to have a mutual Habitude between them: 

Jelves, according to Quantity; as two Magnitudes MW or 


of the ſame kind, either of which being multiplied, 
Jo increaſes, that at length it exceeds the other. 

Therefore a Finite line and an Infinite, have no Proportion to 
each other; for the Finite being Multiplied never ſo often, will 
not exceed the Infinite : However the Diameter of a Square, and 0 
its Side have Proportion between themſelves, although Compre- / 
henſible by no number: Likewiſe the Diameter and the Circumfe- 
rence of a Circle, although as yet not certainly known; becauſe 
the ſide of a Square twice taken exceeds the Diameter : And the / 
Diameter of a Circle four times taken exceeds the Circumference. © 

3. Analogy or Proportionals, are thoſe which are 
Hid either to have the ſame Proportion, any two of MW © 
which anſwering mutually, are equally Multiplex. Fi 
of the other two, being equally mulriplied ; or ate 
equal, or in the ſame manner, either exceed them, 
or are deficient from them. - : 

As if there be four lines in Foot Meaſure, 4 12. B 4. C9. 4 ty 
theſe are called Proportionals, becauſe 4 hath the ſame Propo | 
tion to 6, as C to D, to wit, Triple: And as 4 and C. have Seſ- 
quitertia Proportion between themſelves, fo likewiſe hath B and D. aſ 

4. Homologous Magaitudes, are thoſe which have a 
Proportional Terms, the Antecedents having like 
Proportion to the Antecedents, and the Conſequents W N 
to the Conſequents. „„ „ 

As if there he four Proportional lines in Foot, ar any other, 
Meaſure, Ag, 5 6, G12, D 8; theſe are called Homologes, be · + 
cauſe between the Antecedent Terms, 4 9 and C 12, and between A 
the Conſequent Terms B 6. and D 8, the Proportion is alike, o 
wit, Sefautieriia, or once, and 7 part _ 
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Chap. Il. Of Denominations. 137 
F. Rational or Effable Magnitudes, are thofe whoſe 
Proportions may be expreſt by certain Numbers: 
Irrational or Ineffable, axe the contrary. | 

6. Magnitudes touching one another mutually, are 
Mole of which, very little of one touches very little 
of the other. _ | 3 

7. Secants or Magnitudes cutting through each 


other, are thoſe of which very little of one cuts ve- 


ry little of the other. 


8. Congruous or Agreeing, are thoſe whoſe Terms 
or Parts anſwer one another every where. 


— 


CHAP. III. 


of all the Kjnas of Magnitude, and firſt of Line. 


At L Magnitude is either a Line, or a Lineament 
or Diagram. | 

1. A Line, is Length without Breadth, being be- 
gat from the continual Succeſſion of Points, and 


| Terminated by the ſame, 


A Line abſolutely conſidered is, 
Right, Crooked, Mixt. 
2. A Right Line, is that which lies equally be- 
tween its Points. 
This is repreſented by a fine Thread drawn ſtreight, 
and the Inſtrument to draw it withal on a Plane, is 
a Ruler. | f 
3. A Crooked or Curve Line, is that which is e- 
qually diſtant on every fide from the middle Point, 
or Center of the comprehending Space, as, ©. 
Alſo tis called, a Sphærical, a Circular, or a Round 
Line, that is, a Circumference; and likewiſe but 
Abuſively, a Circle: for a Circle is a Plane Figure; 
and we conſider here, not Figures, but Lines _ 
| an 
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ter Bis the Index of the Angle, and 4, B, and B, C, the Legs of the 


138 F Principles of Geometry. Part l. 
and indeed Crooked ones, which are drawn by the In- 


ftrument called Comp eS. 


4. A Mixt Line, 1s that which is ee of 


both, or that which hath neither perfe 
nor perfect Rectitude, See Eig. 6. 

Such are Ovaler Lines, Lenticular, Spiral Lines, 
and innumerable others. 

A Line, confidered with reſpect to another, is Per. 
pendicular or Parallel, 

5. 4A Perpendicular Line, is a Right Line, fal. 
ling, or cutting directly on another Line, ſo that it 
neither bows, nor inclines in any * more than 
another to the ſubjeQed Line, as, 

The Inſtruments to delineate this by, is called ei. 
ther a Square, or a Plumb-Rule. . 

6. Paralel Lines, are thoſe which are equally di- 
ſtant to one another, and will not interſed each o- 
ther, although infinitely produced, as, 


Curvity, 
Pl 


CHAP. IV. 
Of Lineaments or Diagrams, and firſt of Angles, 


— 21 — 


K. \ Lineament or Diagram, is a Magnitude more 
than long. 
There are two Kinds of it, An Angle, and a Figure. 
2. An Angle, is of two or more Lines touching 
each other mutually, by a mutual Inclination, and 


not lying directly in a Line. 


In this, three things are conſidered. =, 
1. Ihe Angle it ſelf. 2. Its Legs. 3. Its Quantihj. 
3. The Angle, is the common meeting of the Lines. 
4. The Legs, are Lines containing the Angle. 
Geometrictans, expreſs an Angle by three Letters, the Middlemſt 
being the CharaFeriſt, and ſhews or denotes the Angle propoſed; 
as if in Fig. 7, I ſhould ſay 4, B, C, is to be conſidered 3 the Let- 


fame, s, The 


— 
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Chap. IV. O Lintaments or Diagrams. 139 
5. The Quantity of an Angle, is the greater or 

leſſer Divarication of the Legs. 
I. Therefore, two Angles are equal, whoſe Diva- 


| rication is equal, altho the Legs are unequal. 


2. The Meaſure of this Quantity, is an Arch of 
the Periphery, divided into 360 Degrees, every Degree 
of which is divided into 60 Firſt Scruples, and eve- 
ry Firſt or Prime Scruple into 60 Seconds, and ſb 
on : Therefore when we ſeek the Quantity of an 
Angle, tis faid to be ſo many Degrees, or fo many 
Degrees and Scruples. | | 

An Angle, according to the variety of Subjects, is either Super- 
ficial or. Solid. 

6. A Solid Angle, is the collection of more chan 
two lines, touching each other mutually at one Point, 
and exiſting not in the ſame Superficie. See Eig. 8. 

7. A Superficial Angle, is the mutual tonehing 
of two Lines in a Superficie, by mutual inclination, 
and not lying in a direct Line. 

9 And *tis either Plane or Sphzrical. 

8. A Superficial Plane Angle, is that which is 
deſcribed on a Plane Superficies. N 

9. A Spherical Angle, is that which is deſcribes 
on a Spherical Superſicies, as Fig. . 

A Plane Angle is either Fomogene or Heterogene. 

10. An Homogene, is that which conſiſts of Legs, 

and the concourſe or meeting of the Legs, is of the 


lame kind. | 
And 'tis either Right Lined, or Curte Lined. 


11. A Right Lined, hath Right Lines. 

12. A Curve Lined Angle, hath Crooked or Cir- 
cular Lines, yet deicribed on a Plane. 

13. An Heterogene Angle, is a mixt Angle, com- 
prehended by right and crooked lines ; of this kind 
is the Angle of a Segment, comprehended under a 
Right Line, and part of the Circle, as Fg. 10.& It. 

Ta reſped of Quantity, an Angle is either Right or Oblique. 1 
| 14. 
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14e Of Principles of Geometry. Part l. 
14. A Right Angle, is that whoſe two Legs are 
Perpendiculars between themſelves, or are perpen- 
dicular to one another. ; 
This always contains a Quadrant, or 4 part of the Periphery, to 
wit, 90 Degrees. 

15. An Oblique Angle, is, that whoſe Legs are 
not Perpendiculars, but incline from a Perpendicu- 
lar to either part, as in Fig. 12 & 13. 

And tis either Acute or Obtuſe. 

16. An Acute Angle, is leſs than a Right, or a 
Quadrant of a Circle, but an Obtuſe is greater. 

In reſpe# of Situation, Angles obtain divers Appellations. 

17. Moreover Angles poſited Succeſſroely or in Or- 
der, are Angles adjoining, which Right Lines con- 
ſtitute, howſoever the Right Lines inſiſt, as in Eig. 
14. The Anglesa c b, bed, fe bh, ge h. : 

18. Angles at the Vertex oppoſite by the Croſs, are 
thoſe which are oppoſite at the Point, in which two 
Right Lines cut each other., as in Eg. 14. the An- 
gles ach, and dce : Alſo ace, and b cd: Like- 
wiſe Fe h, and ce g: Laſtly, Fe c, and beg. 

19. Angles alternate, are thoſe which a Right 
Line makes alternately. by changing the Poſitions, in 
cutting two other Lines: As the Angles à ce, and ceg, 
likewiſe d c e, and Fe c. See Fig. 14. 

20. Angles oppoſite on the ſame part, are thoſe 
which a Kight Line makes, by cutting through two 
other, one Angle being Interne, the other Externe; 
As the Angles ac b, and ace: Andbed, and e c d. 

21. Angles not oppoſite ont he ſame part, are the two Intern Angles, 


made by a Right Line falling cn two Right Lines on the ſame part: 
As the Angles ace, and fec: Alſo d e e and gec. 


CHAF,-V.: 


Of Figures,and their Parts and Denominations. taken 
from the moſt common Affections or Diſpoſitions. 


1. Figure, is a Diagram or Lineament, Terminated op eve- 
ry ſide. | 
For 


ans. OO bad 


Chap. V. Of Figures, and their Parts. 141 

For not every Magnitude which conſiſts in Terms 

is a Figure, but thoſe only which is every where in- 

cloſed by Terms; of which Terms, by how many 
the more they are, by them the Figure is the larger. 
The Parts of Eigures are : 


1. Sides. 7. Dingonal. 
5 The Area. | . 8. Axis. 
3. The Center, 9. Poles. 

4. The Perimeter. 10. Vertex. 

5. Diameter. | II. Baſe. 

6. Semidiameter. | 12. Altitude. 


I. Sides, are the Extreams of Figures next the 
Terminants, and thoſe are either Lines or Superficies. 

2. Area, is the Space comprehended by the Sides. 

3. Center, is the middle Point in a Figure. 

+ Perimeter, is the Ambit and Comprehenfion of 
a Figure. 

5 8 is a Right Line drawn thro the Cen- 
ter, and Terminated on both ſides at the Perimeter. 

6. Semidiameter, or Radius, is a Right Line drawn 
from the Center to the Perimeter. | 

7. Diagonal, is a Right Line drawn thro? the Cen- 
ter, and Terminated at the two oppoſite Angles. 

8. Axis, is a Right Line drawn thro' the Center, 
—_ which, the Figure is underſtood to be turned 
about. s 

9. Poles, are the two extream Points of the Axis. 

10. Vertex, is a Point on the top of the Figure, 
from which a Right Line may be drawn Perpendi- 
cular on the ſubjected Baſe, either True or Protracted. 

II. Baſe, is a Side, on which the Figure is under- 

ſtood to inſiſt, or lye on. 

12. Altitude, is a Perpendicular drawn from the 
Vertex, either to the True or Protracted Baſe. 


13. The moft common Affections of Figures, denominating the ſame, 
ar e, ' * 

I. Order or Regularity, | Whence | Ordinate or Regular. 

2, Primacy, | Figures | Primess 
3. Equal Altitude, ] are called 1 Of Equal Height. 
| 4+ Like- 
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4. Likeneſs, | Like. 
5. Like Poſition, vyhence | 4 Hike Scituated. 
6. — | Figures CO * f 
5. Compaſs equal, Equal Periphery. | 
. option ers called] fu? f 
9. K inds, | I Homogene, or Heteragene. u 
14. Ordinate Figures, are thoſe, all whoſe Terms | 
(as Lines in Superficies, and Superficies in Bodies) MW 2 
are equal between themſelves, and are mage. y 
Underſtand this of the Ordination and Regularity MW 


aſſumed, which conſiſts in the Equality of Sides, and 


of Angles : Of which Regular Figures in all kinds l 
of Planes, there are not more than one: For in Tei- p 


angles only the Equilateral is Ordinate or Regular: 
In four fided Figures, only the Quadrate: In Many b 
Angled Figures, thoſe which are Inſcribed, or Cir- 6 
cnmſcribed about a Circle, with Equal Sides: All the b 
reſt in this acception of Perks Ordination, are In- 
ordinate : In more general Signification, a// Egures 1 
are ſaid to be Ordinate, which have Ordinate Diſpo- te 
ſition, and may be reduced or recalled to certain C 
kinds, as Triangle, Quadrangles, Oblongs, Rhombus's. 
15. The Firſt or Prime, are not to be divided into t 
others more ſimple. Of this kind of Figure in Angles 
there are only two; the Triangle in Superſicies, and - 
the Pyramid in Bodies: For altho' thele may be di- 
vided into more Triangles, or more Pyramids, yet 
they cannot be reſolved into any other Figure ( as 
the Quadrangle into two Triangles) more ſimple 
than the former it ſelf. * 
16. Of Equal Height, axe thoſe which conſiſt in 
the fame Parallels. 
17. Like Figures, are Equiangled and Proportio- 


nal, from the Legs of the Angles. | | - 
18. Like Scituate Figures, are thoſe whoſe Pro- { 
portional Terms, being alike Scituated, anſwer to E 


one another. 


19. Agree- 


Chap. V. Of Figures and their Parts, 143 
19. Agreeable Figures, are thoſe which fill up the 
place without any opening. Alſo we have before 
ſpoke of Agrecableneſs, but there it is to be under- 
ood ſuch, as the Parts of one being applied, or laid 

upon the Parts of the other, they anſwer every way 
which congraous Magnitudes, muſt of neceſfity be 
like and equal : But in this place, we underſtand thar 
agreement, whereby many Magnitudes, altho of di- 
vers Kinds may be ſo fitted, that there be left no 
Opening or Gaping between them; As the Duodec- 
angle, and the Equilateral Triangle: The Oftongle, 
and the Quadrate: The Circle, and the Spherical Tri- 
angle, the Agreement of which we ſee in Windows. 

20. Iſoperimet?ica! Figures, are thoſe whoſe Am- 
bits or Compaſs are Equal: As the Triangle, the 
Quadrangle, the Circle; the Ambit of each of them 
being three Feet. 

21. Adſcribed Figures, are, when the Terms of one 
Terminate the Terms of the other : Of theſe the In- 
terior are {aid to be Inſcribed, and the Exterior to be 
Circumſcribed. 

22. Homogene Figures, are of the ſame kind, as to 
the number of Sides : Heterogene the contrary. 


8 > 3. anat  * FF 


_ 
— 


CHAP. VI. 
Of the Kinds of Figures: 


FT H E Kinds of Figures are two, Superficies and 
L Bodies. 

1. A Superficies, is a Figure having Length and 
Breadth 3 as Fig. 15. (the expreſs Image of this, 


the Shadows of our Bodies ſhew.) ; 
In reſpe of Scite or Scituation, a Super ficie is either Convex 
or Concave, 2. : 
2. A Convex Superficie, is that which n 
EA 


_— — 


144 Of Principles of Geometry. Part]. 
ſes any Body without : Concave, whereby Hollow 
Bodies are Terminated on the infide. See Fjp. 16. 
In reſpe# of Form, a Superficie is either Plane or Gibbous. 
3. 4 Plane Superficie, is that which lyes equally 
between its Lines, and is uſually ſaid to be even : 
Gibbous, is that which lies unequally between its 
Terms or Lines, aiid is rough or uneven. 
| A Plane Superficie is either Curve-lined or Right-lined, or Mixt. 
4. Curve-lined, is that which is contained by 
Crooked Lines, Right-lined by Right Lines, and Mixt 
by Mixt Lines. "no | | 


( 


WY AA if adn. te dA. 3 —-— * — 


| O 4 Circle. 
A Plane Super ſicie Curve lined, is called à Cit- 


ce. 

1. A Crete; is a Plane Figure contained by one 
line drawn about (which is called Periphery or (ir- 
eumference) to which all Right Lines drawn from 
the middle Point are equal, as in Eig. 17. | 

In a Circle, beſides the aforeſaid, common to all 
Figures, the following are conſidered. 8 

I. An Arch. 2. A Quadrant. 3. A Semicircle, 
4. A Chord. 5. A Segment. 6. A Seclor. 

2. An Arch, is any Portion of the Circumference, 
as in Fig. 18. b h, or ci, to which, that which is 
wanting to 90, or to 180 Degrees, is called the (Com- 
plement, and what is above 90 Degrees, is called 
the Exceſs. 5 

3. A Quadrant, is a Plane Figure, comprehend- 
ed by two Semidiameters conſtituting a Right Angle, 
and a fourth part of the Circumference of the Cir- 


cle. 
Such 


Such is bg, a fourth part of the Circle, comprehended by the 
Semidiameters 6 a, and g a, conſtituting a Right Angle at 4. 

4. A Semicircle, is a Plane Figure, which is con- 
tained under the Diameter, and an half part of the 


umference, comprehended under the Diameter b a c, 
as in Fg 18. : 1 | 

5. A Chord, or Subtenſe, is a Right Line drawn 
through the Circle without the Center, as the Line 
| k F. | ES | a 

6. A Segment, is a Figure contained under the 
ord; and part of the Periphery : and *tis the grea- 
er Segment in which the Center of the Circle is 
found, and the leſſer, which is without the Cen- 


(cl, . 
under the Chord f ł e is the leſſer Segment, the Portion fg e: 
But the greater Segment is the Portion of the Circle f bi c e. 
7. A Seclor, is a Figure comprehended by Right 
Lines, conſtituting an Angle in the Center, and from 
e Periphery aſſumed by them, as à h i. 


of Superficial Planes, being Right Lined, 


And Firſt of Triangles. 

7 F Superficial Right Lined Planes, there are two 
Kinds, the Triangle, and the Triangulate. 
1. 4 Right Line Triangle having three Corners, 
6 a Superticies comprehended by three Lines, as 


„ 93 

1 . „ — a 
. Ile Angles. 4. Ihe Hypotenuſe or Subtenſe. 
« The Legs: 5. The Perpendicular. | 

„ The Baſe. 5. Ihe Area, 

I. 2. An 


ircumference, as bg c, the half part of the Cir- 
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2:46 Of Principles of Geometry. Part], 
2. An Angle, is the meeting of Lines. 

2. Legs, are Sides comprehending any Angle, « 
In Fg. 19. 4 b, and b c, are the Legs of the Ang, 
So ac and 2b, ate Legs of the Angle a 
4. The Baſe, is a Side on which an Angle is up 
derſt60d to infiſt; So 2 c, is the Byſe of the Angle) 
and a b the Baſe of the Angle c. BY (i; 


and ſubtending it; as 4b is the Subtenſe of the I. 
. | 5 5 
6. A Perpendicular, is a Right Line falling a 


As the Right Line 5 © in the Triangle a 6 c, in Fig. 19. n 
the prick d Perpendicular in the Triangles d e f, Fig. 24. and /, 


Fig. 20. that falling within, this without the Triangle, on the 
Bafe, protrafted. is | 5 gh 47 
Therefore in any Triangle, if you make or tue 


Tide the Baſe, the other two are Legs: Yet in ti ma 
Right angled eſpecially, the fide oppoſite to the Right 0 
Angle, is called the Hypotenuſe, and of the Remain} |, 
ers, one is called the Ba/e, and the other being PM met 


pendicular to it, is called the Perpendzcular. Cn 
7. The Area M a Triangle, is the middle ſpace 5 
comprehended by three Lines. Dia 


Je Parts of Triangles znſcribed in a Circle, as. 
1. The whole Size, Radius, or Semidiameter ac fer. 


in Fig. 18. | PS I 
2. The Firſt Right Sine, e i. Fig. 18. 8 

2. The Second Right Sine, or the Right Sine . 7 
the Complement, æ e. chan 
4. The Ver ſed Sine, or Arrow, Ic. Arch 

5. The Tangent, c h. 5 42 

6. The Secant, a h. 2 bit o 
7. The whole Sine or Radius, is the Semidiam? ha 
hel 


ter it ſeit of the Circle, as ac. * 
. 3 


Chap. VIII. Of: Triangles. 149 
8. A Sine, in general, is half the Right Line ſub- 
tending the double Arch of the Circle, as & e, is half 
the Right Line F & e, ſubtending the double of the 
| Arch g e. to wit, 2 III KY TD 
wh 9. 4 Erft Right Sine, is half the Subtenſe of 
double the Arch in the Firſt given; as if there be 


rele Mit is the Arch i, and its Subtenſe e / 7, half of 
1+ Which Subtenſe e I, is the Fir Right Sine: Where 
Note, that the Sine of the Arch given in the firſt 
af place 2 c, and of its complement to a Semicircle 
ok eg , b, is the fame, to wit, el. | 
10. A Second Right Sine, or the Sine of the Com- 
A plement, is half the Subtenſe of the Double of the 
dl Arch of the Remainer of the Firſt given to a Qua- 
0 te drant. by 3 
Such is & e, half of the Subtenſe f & e, ſubtending 
due the double f g e, of the Arch ge, which is the Re- 
n tte mainer to the Firſt given c, or the Complement 
Rent to a Quadrant g 2 c. 
may 71x. A Verſed Sine, is the Segment of the Dia- 
rer meter intercepted between the Right Sine and the 
Circumference. h 
ip So / c is the Verſed Sine, being a Segment of the 
diameter bc, intercepting the Arch ec, as being be- 
tween the right Sine e /, and the Arch e c. 


ſer. N 5 
12. A Verſed Sine Leſſer, is the Sine of an Arch 
Jess than a Quadrant, as /c, of the Arch ec. 
Ihe Greater Verſed Sine, is of an Arch greater 
than a Quadrant, as 0% is the Verſed Sine of the 
Arch bg e. . 
12. A Tangent, is a Right Line without the Am- 
vir or Periphery of the Circle, Perpendicular to the 
Extrem of the Diameter, and Terminated at the 
Wer end by the _ ; as the Right Line ch. 
6-2 14. 4 


diam: 
g | 


given in the firft place the Arch 2 c, the double of 


And a Verſed Sine, is one Greater, the other Lef- 
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as the Triangle de 5 in Lig. 24. 


I I Of Principles of Geometry. Part] 
A Secant, is a Right Line drawn from the 


| Gr through the Term of the Arch, even to the 
T 4 as the Right Line ae h. 


A Right Lined Triangle, in reſpect of the $ ider ñ It 
Equilateral, Equicrural, and Various. 


15. Equilateral, is, which hath three equal Side Wc. 


as the Triangle de oy in Eig. 21. 


16. Equicrural, is, which hath two equal Sides 85 


but the third unequal, as g h i, in Fig. 22. 


17. Various, which hath three unequal Sides, 2 

abc, in Fig. 23. | 

In reſpect of Angles, they are ether Rectangled, 

or Obliqueangled. 

18. Refangled, is, which hath only one Rec 
gle, as the Triangle 4 in .. 

19 Oliqueangled, is, which harh no Right Angle, 


and this is two fold, 
20. Acuteangled, which hath three Acute Angles, 


21. Obrujeangled, which hath one Obtuſe Angle, 
as the Triangle 4 ml, in Eg. 20. 


CHAP. IX. 
Of Triangulate Planes. 


Triangulate Plane, is a Right Lined Plane, 
which may be reſolved into many Tri 


angles. 
| Ard tis either Quadrangul ar, or Multangular. | 
2. A Pradranzular, is that which is comprehet- 
ded by four Kighr Lines. 
And 'tis cither a Pataile/o;ram, or a Trapegium. 
A Faralleiogr on 18 Quadrangular, having the 


ice Sides Paralle 
A Tra- 


tel A Trapegium, is the contrary, as abc e in Fig. 25. 
the A Parallelagram, is Rectangled or Obliquangled. 


4. Reftangled, is that which hath all the Angles 


night; Obligueangled, hath all oblique. 


uf ” Refangled, is either a Square or an Oblong. 


5. A Square, is a Rectangled Figure of equal 


ids Sides, Fig. 2. 5 
An Oblong, is a Rectangled Figure of unequal 


ide Sides, and longer on one part. Fig. 15. 


The Parts of a Parallelagram, are, 
1. The Diagonal. 3- The Complements. 
2. To Diagonals. 4. The Gnomons. 


6. The Diagonal, is the Diameter of the Paral- 
lelogram, touching the two Angles, as a c, Fig. 28. 
7. Diagonally, is a particular Parallelogram, of a 
common Angle, and Diagonal with the whole Pa- 
nllelogram : as the ſmall Parallelograms /g i c, and 
hg e, in the ſame Square. 

8. The Complement, is a particular Parallelogram 
comprehended by the Conterminate Sides of the 
__ as are the Parallelograms, dhgf, and 
901. 

9. Gnomon, is the Diagonal of either, with two 
Complements, as if g f i c, be underſtood to be cut 
of, the Remainer of the whole Parallelogram is the 
Cnomon; or if aheg be cut off, the Gnomon allo 
ill be the Remainer. 


lane, M Ar Obliquangled Parallelogram, 1s either a 
Tri Khombus, or Rhomboides. 


Io. A Rhombus, is an Obliquangled Figure of 
chen ual Sides: as ab c d, in Fig. 29. 
- Rhombotdes, is of unequal Sides: as c a b d, 
ig. 30. 
g the II. Multangled, is, which is comprehended by 
Je than Four Lines. | 
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15d Of Principles of Geometry. Parti C 
And it is either Regular or Irregular. 
12. Regular, is Multangled, of equal Angles, ani 4 


equal Sides: Irregular is the contrary, | 
Theſe are Denominated by the Number, 


Of Angles. Of Sides. 
_ Greek. Engliſh. Greek. Engliſh, 
Pentagon, Five Angles. Penta Pleura, Five Sides. 
Hexagon, Six Angles. Hexa Pleura, Six Sides, 
Heptagon, Seven Angles. Hepta Pleura, Seven Sides, 
Octagon, Eight Angles. Octo Pleura, Eight Sides. 


See Fig. 31, and 32. 


r *** lt = — "I 4 ** ” 


C HAP. 
Of Gibbous Super fictes. 


1. A Gubbous Superficies, is, that which lycs un F. 
LY. equally between its Terms. | 5 
And lis either Sphærical or Various. 


2. A Gibbous Spherical Superficies, is that whic 
— from the middle of the containing 
Space. oy 
N In this are delineated Sphærical Triangles. 

2. For a Spherical Triangle, is that which is de 
{cribed on à Sphærical Superficies, as a Plane TY _ 
angle on a Plane: as Fig. 9. 

4. Its parts are the ſame as of a Plane Triangle 
to wit: 
Angles. 4. Hypotenuſe or Subtenſi. 
„ 5. Perpendicular. 
. Baſe. : | I. 

5. The Kinds, in reſpect of the Sides, are tit 
tame as of Planes, to wit, 

Equilateral, Equicrural, Various. 


— 


9 My 


Chap. X. Of Gibbons Superficies. 151 


6. In reſpect of Angles, they are alſo the ſame 
28 in Planes; to wit: ane 


To Refanzled.. Nen Acute Angled, or; 
2, Obliquangled. F Which * either Obtuſe Angled. : 


8 Two Acute. 
One Right | 
7. ARight Ange Jor more CTo 0btnfe. | 


Int hath either Right an. ( Tie ad Obtuſee 


gies, or Two with the Third 1 og 


Pure, from 442. 
Three, either & OH , 


; h Or 
6 Chl, ”  C Two Acute, and 
| Mixt, either Jon Obtuſe, or 


of — Two Obtuſe, and 
L One Acute. 


9. Various, which is either not equidiſtant from 
| the middle, as Ovaler, Lenticulur; or Mixt, of 
5 un Plane and Gibbous, as Conical and Cylindrical, Fig. 6. 

35. 36. | 
10. Conical, is that which is raiſed to a ſharp top 
equally, from a ſubjected Plane Circle. | 
11. Cylmdrical, is that which is equally raiſed | 
upright to the top, from a ſubjected Circle, being | 
equidiſtant, and equal on the Top, to the ſubjected | 


hic 
Uning 


is de Circle or Bale. 
3 ö 
angle CHAP. XI. | 
"ſe. | Of Plane Bodies. | 
i 
i. A Solid Body, is that which hath Length, Breadth ö 
e til 7 \ and Depth, or Thickneſs, and is Termina- | 
tel by the next Superficies. ! 
Bodies are either Plane or Gibbous, J 
6, li | L 4 2. Plaue 


15% Of Principles of Geometry. Part, 


2. Plane Bodies, are comprehended by Plane Sy- 
erficies : Gibbous, by Gibbous or Crooked Super. 


cles, 2 HP 
A Plane Body, is a Pyramid or Pyramidate, 


3. A Triangular Pyramid, is a Solid Plane, rajſed 


up to a Point at Top, from a Right Lined Triangu- 
lar Baſe : as Fig. Ny 4 | 


There are infinite kinds of theſe, which PRO the Figure of | 


their Baſes are called Triangular, Quadrangular, Multangular. 
4. Pyramidate, is a Solid Plane, contained by 


Pyramids. 3 
And tis a Priſme, or a mixt Polyhedron, or Polygon. 


5. A Priſme, is a Solid Plane, of which, two op- 
polite Sides are Equal, and Like, and Parallel; the 
other are Parallelograms. 

And tis of Five Sides, or Pentaedrum 3 or Six Sides, or Hex: 
edrum; or many Sides, or Polyedrum. 

6. Of Five Sides, or Pentaedrum, is that which 
hath a Triangular Baſe, and is contained by five 
vides, Fig. 38. | | 

7. Hexaedrum, ( which is alſo called Parallel: 


pipedon ) is that which hath a Quadrangular Baſe, 


and is comprehended by fix Sides or Baſes. 
And an Hexaedrum is either Right Angled, or Obtuſe Angled, 


8. A Right Angled Hexaedrum, is that which hath 


all Right Angles. 


And 'tis either a Cube or an Oblong. | 

9. A Cube, is a Rectangled Parallelipipedon, con- 
tained under fix equal ſquare Sides. Eig. 5. 

10. An Oblong, is a Parallelipipedon, contained 
by fix Sides, two being equal, the reſt longer on the 
other part. Fig. 40. | | 
11. An Oblique Angled Paralleſipipedon, is that 
which hath all Oblique Angles. 

And 'tis either Rhombus, or Rhombotdes, 
12, Rhombus, is a Parallelipipeden obliquangled, 
comprehended by Six Equilateral Sides, or Baſes, 


Fig. «1. 
+ Zo 13. Rhomtr 


13. Rhomboides, is an Obliquangled Paralle lipipe- 
don, contained by ſix Sides or Baſes, two of which 
being Oppoſites, are Equilateral, the reſt are longer 
on. one Page Fig. 42. +5765 35 34 Pn 

14. Polyedrum, is that which hath a Multangled 
Baſe, and is contained by more than ſix Sides. 

Of theſe there are an Innumerable Multitude, 


which are named from their Sides, Hepraedra, Offo- 


era, Enneaedra, Nc. i 
15. A mixt Polyedron, is that which hath the 
rn in the Center, and the Baſe bearing out- 
wards. 

And *tis Ofaedron, Dodecaedron, Icoſaedron. 

16. Offaedron, is a mixt Polyedron, contained un- 
der eight equal Triangles, Equiangled, and Equila- 
teral. Eg. 48. 

17. Dodecaedron, under twelve Pentagons, Equi- 
lateral, and Equiangled. Fg. 49. 

18. Icoſaedron, is comprehended under twenty E- 
quiangular, and Equilateral Triangles. See Fig. 46, 
47, 48, 49, 50, 51. | 


CHAP. XI. 
Of Gibbous or Crooked Bodies. 


A Gibbous Body, is either a Sphzre, or Various. 
I. A Sphere, or Globe, is a Solid Body, of 
which all the Extreams are touched by like Ra- 
"hs from the Middle: See the Diagram of it in 
Ig. 51. | 
2. Various, is contained by a various Superficie. 


The Kinds of this are Innumerable, but the chief are the Cone 
3. 4 


157 


— and the Circumference of a Circle. 
And it is either Rigbt or Scalene. 
a. A Right Cone, is that which hath the Axis at 
Right Angles to its Baſe, Fig. 35. 
—_ tis either Ort hagen, or Oxygon, or . 
5. Ortbagon, is when the Axis is equal to th; 
S of the Baſe. 
6. Oxygen, whole Axis is greater than the Semi 
diameter of the Baſe. 
J. Amblygon, whoſe Axis is leſſer than the Semi. 
diameter of the Baſe. 
8. A Scalene . is that whoſe Axis is obliqu 
to the Baſe, Fig. 
9. A Right Cyli —" is that which hath its Axi 
inſiſting bs Angles to the Baſe, Fig. 36. 
10. A Scalene Cylinder, is that whoſe Axis is ob. 
lique to the Baſe, Fig. 45. 
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CA r. XII. 
Of 4 Five Regular e 


3 are either Regular or Irregular. 

I. regular, are thoſe which fall under 10 
Rules. 
2. Regular Bodies: in general, are thoſe which are 
finiſhed by ſuch Superficies, of which the Rules are 
definite, and may be comprehended by certain Spe- 


cies or Kinds. 


Of theſe, ſome are leſs Principal, but ethers more Principal, 
and Regular. 


3. The leſs Principal, are thoſe which conſiſt o 
divers unlike Superficies, either Plane or Spherical, as 
P Jrami ds, P- de Cylinders, am Cones. 


4. Th: 


Of Principles of Giorkbtry. Part! 
A Cone, is a Solid, contained by a Cirele; and 
3 Garical Superficie, which is placed between the 


I 


& 


| Chap. XIIL Of Regular Bodies. Eu 155 
ani . The Principal Rugular, are fo called, becauſe 
angled. - 

15 Of ſuch, there are found but 5 Planes in the 
at whole nature of things; to wit : I, The Tetraedron. 
2. The Cube. 3. The Oclaruron. 3. The Dodeca- 
edron. And 5. The Icoſaedron. N 
tie 5. The Tefrurdron, is comprehended under four 
 W Triangles : The Cube, under 6 Squares: The Ocfa- 
a edron under 8 Triangles: The Dodecaedron under 
84 12 Pentagons : The Icgſaedron under twenty equal 
WY Friangles ; all Equilateral and Equiangular: See 
ar F. 46, 47, 48, 49, 5. 3 8 
9 7. And the Sphere, is the receptacle of all theſe, 
u in which each of them being inſcribed, every one of 
"WM their Angles touch it; but being Circumſtribed, 
„ aach of their Planes touch at the Centers. 


* 
— — _— 


of Axioms and Petitions of Geometricians. 
I. Petitions. 


| 1,”F*15S required to be granted, that a Right Line 
9 T may be drawn from any Point to any Point. 


> That a Strezght Line may be infinitely conti- 
nued. 

3. Alſo that a Circle may be deſcribed from any 
Center, and with any Interval. 


4. Likewiſe to any Magnitude. being given, we 
may aſſume another Magnitude, either greater or 


leller. | 
| 5. That 


- unequal, the whole alſo, and the remainer are un. 7 


156 / Principles of Geometry. Part I. 
5. That any Magnitude may be ſo often Multi 
9 until it exceed any Magnitude of the ſame 


IL A x IO MS 


1 * Things or Quantities which are equal, or 
unequal to the ſame, are equal or unequal MW . 
between themſelves. 


2. If equal things be added to, or taken away 1. 
from equal things, the Total alſo, and the Remainer 
will be equal. 22 


3. If equal things are added to, or taken from pi 


| equal. | Ti 

4̃. Thoſe Things or Quantities which are the half, 1 

or the double of the ſame Quantity, and which : 
agree mutually between themſelves, are equal be- 

ryeen themſelves. mCi 

F. The Whole is greater than its Part, and is e- th 

qual to all its Parts taken together. * 

as 

C 

a 

HT: e. 

The End of the Firſt Part. th 
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PART IL 
of CTCLOMETRY 


THEOREMS. 
EL A Circle, of all Plane Figures, is the Chief or 
1 Prime, the moſt Simple, the moſt Perfect, 
and the moſt Admirable. "C418 
Chief, becauſe tis not compounded of others, 
Prior to it, either Figures, or Parts of Figures ; as a 
Triangle from 3 Lines, and a Quadrangle from two 
Triangles. TED 
Moſt Simple, becauſe tis comprehended by one 
Line only, every way conform to it ſelf. | 
Moſt Perfect, becauſe it wants beginning and end, 


hs 


unleſs that humane weakneſs be attributed to it : 


and ſince it gives the Place and Meaſure to all o- 
* it is not Circumſcribed and Meaſured, but of 
it ſelf. | 

Moft Admirable, for many other cauſes, as well 
as for becauſe the parts of the Diameter of the 
Circle being equally moved about the Center, diſ- 
ws yy or finiſh divers Spaces in the lame time, the 
caſt, next the Center, the greateſt, more remote from 
the ſame. 

[T. A Circle, is the moſt Capacious of all Plane 


Figures. 
What Tſoperimetral Figures are, is ſaid before, to wit, which 
when they are divers, yet they have equal Awbit or Periphery, 
of which the Terms taken together are equal , as if the three 
Sides of a Triangle taken together, are equal in length to the four 
vides taken together of a Quadcangle. 3 
I 1here- 
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no Sides, yet may be under 


Part Il. 

Therefore ſince between Regular Figures, Planes, 

Co, — 1 1 Figure of moſt Sides is moſt 

ou as ws ſhall ſhew hereafter in the Fifth 

Barr a : _ Cn be the moſt Capacious 

of all other Figures of the mbit: which hath 
guy tset 
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to have infinite 


in g role, fe Right Eine cut other 
in the Fins and at Rl Hee ae”. foes 
of the Secant, or. S te 4 the Eurer . the 
fame Circuit. 

In Eg. 52. Ac hens: the Line 1 b, cuts the Line 
f g in two in the middle, at Right Angles, therefore 

alfo it cuts the whole Circle in the middle, and is 

the Diameter of the Circle, whole middle point 
is the Center. 
IV. A Circle cannot cut a Circle in more than tu 
Points, and cannot touch it in more than one Point. 

This is evident, if any one ſhall deſcribe one Cir- 
cle thro another, or Join one contiguous to the 0- 
cher; And the cauſe ſeems to be the perfect Ro- 
tundity, by reaſon of which, all the Points bend 
from each other: And by the ſame reaſon alſo a 
Circle can touch a Line or perfect Plane, but in one 
Point only. 

V. If 7wo Angles inſiſt of the ſame parts of itt 
Periphery in a Circle; one at the Center, the other 
at the Periphery ; that which is at the Center is 


double of the A Ale at the Periphery; and this ſub- | 


duple of that, or an half part. 


Example. 


In Fig. 53. The two Angles a c b, deſcribed from 


the Center c, and «db from the Periphery, infilt 
on the ſame Feriphery 


Prop. 20. 


. 


aeb, | ſay the Angle c is 
double of the Angle d, and this ſubduple, or an 
half part of that; which Euclid demonſtrates, Book 3. 


There- 
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Therefore of whatſoever part of the Periphery, 
any Angle drawn from the Center infifts, tis always 
double of _ Angle, and this ſubduple of 
that, and an half part; whence alſo it follows, that, 
VI. Angles at the Periphery, which are in the 
Jane Segment, are all equal bermeen themſelves. 
For they inſiſt on one and the Tatne part of the 
Periphery, of which, they are half parts; and thoſe 
things which are halts of the lame, are equal be- 
VII. Angles likewiſe which inſiſt on the Diameter, 
are all Right Angles. _ 8252 
For they inſiſt of half the Periphery, which is 
180° of which fince they are ſubduple, they muſt 
needs be 90 Degrees, and therefore Right Angles. 
VIII. But if two Plane Triangles, be inſcribed in 
the: ſame Segment of a Circle, on the ſame Baſe, and 
Foined at Top, that from thence a four fided Figure 
be 'made, inter ſected by Diagonals , the Refangle of 
the Diagonals is equal to the Retangles taken tage- 
ther of the oppoſite ſides. 
As in Fg. 54. there are two Triangles a b d, and 
ac d, in the ſame Segment of the Circle 2 b c d, in- 
ſcribed on the ſame Baſe 2 d, and joined at top by 
the Right Line b c : The Rectangle of the Diago- 
nals 2 6 and e d, is equal to the Rectangles of the 
oppoſite Sides a c and h d, alſo to hc and ad taken 
together, as Pitiſcus hath demonſtrated in his Tri- 
gonometry, Book 1. Pag. 21. 15 
IX. The Semidiameter of a Circle, is the fide of 
an Hexagon, znſcribed in the Circle, 
The Demonſtration of this Theorem is evident from two equal 
Circles, one of which pafſes through the Center of the other : for 
the Semidiameters being drawn from the Centers, the Semi- 


diameter of one, will appear to be the ſide of an Hexagon of the 
other, inſcribed in the Circle. See Euciid, Book 4. Prop. 15. 
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EX. The Diameter, the Equilateral Triangle, the 
Quadrate, the Pentagon, the Hexagon, the Pentago. 
nic, and Oftogonic Star, inſcribed in a Circle, cut it 
Harmonically. See Fig. 55, 56, 57, 31, 32, 61, 60. 
For if a Circle by imagination be conceived. as it 
were, a String ſtretched out in an Inſtrument or 
Lute ; and in the firſt place underſtand it to Vibrate, 
the whole being free from all Contact, but after- 
wards, as it were toucht by the Finger, One Half 
Part; Secondly, a Third, Thirdly, a Fourth; Fourth- 


ly, 4 Hfth; Fifthly, a Sixth; Sixthly, moreover Three 


Eigbth Parts; and Seventhly, To Fifths : To wit, 


like as, 1. The Diameter. 2. The Equilateral Trian- | 


gle. 3. The Quadrate. 4. The Pentagon. 5. The 

exagon. 6. The Ottogonic Star: And 7. The 
Pentagonic Star, cut the Circle: All theſe Sections 
ſhew Harmony, or the Agreement of Muſick; to 
wit, Diapaſon or Offava, Quinta, Diapente, 3. Quar- 
ta, Diateſſaron, ꝙ Tertia Major, 4 Iertia Minor, 
4 Sexta Minor, 3 Sexta Major. 

And theſe are thought to be the genuine cauſes 
of Harmonical Proportion, or Muſick, becauſe the 
Sides of Figures, cutting the Circle in the {aid man- 
ner, have a notable Prerogative beyond others, to 
wit, Scientifical Demonſtrability, with reſpect to the 
Diameter of the Circle; fince the Terms of the Diſ- 
agreeing Intervals of Mulick, are either not hiſſing, 
or making a Sound, or unfitly making a Sound; 
therefore they conſpire together friendly Suſtenance 
to the Mind, and the Ears. | 


11. The Diameters of Circles, or the Semidiame- 
ters. are 10 one another, as their Circumferences, and 
the Contrary. | 1 

For fince a Circle is deſcribed by the Circumvo- 


lation of the Semidiameter, one Extream being fixt, 


"£15 
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tis manifeſt, that thoſe Circles are equal, of which 
either rhe Semidiametets, or the whole Diameters 
are equal: But the Diameters, or Semidiameters be- 
ing unequal, makes alſo unequal Circles, leſſer or 
greater, &. 5 & 


XII. The Areas of Circles are to one another, as 
the Squares of their Diameters, and the contrary. 


) 

XIII. The Proportion of the Periphery of any 
_ [{MCrcle to its Diameter is 3 5, very near; that is, 
» MWiriple Seſquiſeptima. | 


RR... 20. 9... VE 


; The leaſt Terms of this Proportion, are, 7 and 22; 
te next leſſer, but nearer the Truth, are, 113 and 
Bu ago: £14 SEA 

. XIV. The Proportion of the Square of the Dia- 
> {Witter to the Area of the Circle, is Ian very near, 
bat is, Supertripartiens undecima. 
„he leaſt Terms of this Proportion, are 1 and 
5 XV. The Proportion of the Square of the Circum- 
e [rence of a Circle, to the Area of the ſame, is very 
1- ar 12 5, that is 12 times, and four Seventh Parts 
o der and above. 

e In the leaſt Terms, as 88 to 7. 


XVI. The Area of any Circle is equal 10 4 Refs 


p angle Triangle, one fide of which about the Rettan- 

2 ei, equal to the Semidiameter of the Circle, and 

© Wh other is equal to the Periphery, or which is the 

ane, to the Diameter, and half the Periphery. 

10 In Fig. 62. The Area of the Rectangle Triangle 

nd BA, made upon the Semidiameter A B, and the 
vide B C, which is aſſumed equal to the Periphery 

70- FF the Circle, is equal to the Area of the Circle. 

xt, | | 
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PROBLEMS. 


I. To cut a given Circle in the Middle. 
1. Raw a Right Line through the Center, ter. 
D minated at both ends by the Circumference 
the Circle will be divided in the middle, 
2. Or if no Center appear, draw any Right Lig 
whatever, terminating on both ſides at the Circum- 
ference, which cut in the middle, then draw ang. 
ther Right Line through the Point of Section xt 
Right Angles, terminating on both fides at the Cir. 
cumierence, which will cut the Circle in the mid. 
dle into two equal Portions : In the ſame manner 
alſo a part of the whole Periphery, under a Line 
drawn, joining the Extreams, and cutting 1t in the 
middle at Right Angles, may be divided into tuo + 
equal Portions, as in Fig. 52. 
II. To u the Center of a given Circle. 
A Right Line cutting the Circle into two equal 1 
Portions, may be found by the foregoing Problem: 8 p 
again divide it into two equal Parts, and you will han 
have in the point of Interſection, the Center of the 2 


given Circle. | t 
III. To divide a Circle given into four Quadrants whe 
Accurately. fron 


Draw a Right Line through the Center, and it I cle, 
divides the Circle in the middle; then opening the I [eng 
Compailes a little more than the interval of the 5e-W tem: 
midiameter ; fix one Foot in the Extream of hel y 
propoſed line, and deſcribe, without the Feripnety Righ 
an occult Arch, the Compaſſes being at the ſame d-, 
ſtance, ſet one Foot in the other Extrem of theY Pf 
propoled line, and inter ſect rhe other by a little oc. Line 
cult Arch: it again you draw a line from the point i theſe 
of Interſection through the Center, the Circle will beſj prod 
divided into four equal parts. bt Ty 


IV. 4 


ul oferrcxns us; 
IV. 4 Circle being given, and divided into four 
Quadrants: To divide it into 12 parts, the Compaſſes 
remaining. at the ſame diſtance, whereby the Circle 
| was deſcribed ; and it being divided into 8 parts, 
ier. you may divide it into 24, with the Radius of the 
re, Circle, or the ſame diſtance. * 
I. The divifion of the Circle imo 12 Parts. 


w 1. In Fig. 63. let the 4 Quadrants of the Circle 
Wd 43 CD, numbring from the top towards the 


left hand. _ 

75 2. Then taking the Interval of the Semidiameter, 
id. J begin from A, and proceed towards B, through the 
ner whole Periphery, noting the diviſions. 

i 3- Then begin from B, and proceed towards CD, 
the beyond 4; and in like manner, if you will, you 
ns MY may atfix the Notes of Diviſion, and the Circle will 
be divided into 12 parts. | 


Il. The Diviſion of the Circle into 24 Parts. 
qual 1. Again, in Fig. 64, the Circle is divided into 
em: 8 parts, numbring from the top towards the left 
will hand, abc de fg b. 
the 2. Taking the Semidiameter of the Circle, begin 

t from a, and proceed towards h c, through the 

aut whole Circle; then begin from 6, then from c, alſo 
trom d, and again and again go over the whole Cir- 
nd it I cle, always leaving the marks of Diviſion; ſo at 
length you will divide the Circle, (the Compaſſes 
remaining at the ſame diſtance ) into 24 parts. 

V. From three Points given, not being in the ſame 
kghr Line, to deſcribe a Circle, that ſhall paſs thro 
he three given Points. 

From the firſt Point to the ſecond draw a Right 
Line, alſo from the ſecond to the third; divide both 
theſe Lines in the middle at Right Angles, by Lines 
produced to any length: The Point of interſection 
„r Ines two lines will fhew the Center of the Peri- 

M 2 phery 
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—_— 10 
— of the Circle paſſing through the three given 1 
Points. 15 Kh; 

VI. To find the Center of any Arch, and from i 
to finiſh the Circle. =. ven 
In the aforeſaid manner, aſſume in the given Arch . 1 
3 points, join chem by Right Lines, cut the Right Inte 
Lines in the middle at Right Angles, the point of line 
interſection of the two Secants produced, is the N ſcri 
Center of the given Arch, from whence it, and al. > 
ſo the whole Circle may be deſcribed. Pen 

VII. Ir a Circle given, to deſcribe a Square. gh 

Draw the two Diameters, cutting each other at F 
right Angles in the Center; join the Extreams of the 1 = 


Diameters, and a Square will be inſcribed in the gi 
gen Circle. 
VIII. To deſcribe a Circle in agiven Square. 

Divide the Sides of the Square in the middle, 

and join each oppoſite point of interſection by right 
lines, the point of interſection of theſe two right 
lines will be the Center of the Circle to be inſcri- 
bed. to touch the ſides of the Square. 

IX. To deſcribe a Square about a given Circle. 

Draw in the Circle the two Diameters, cutting 
each other in the Center at right Angles ; through 
the Extreams of each Diameter make Perpendicu- 
lars touching the Circle ; the meeting of which Per- 
pendiculars, will make the Square circumſcript to 
the Circle. 

X. T6 deſcribe a Circle about a given Square. 

In the Square, draw two Diagonals, cutting each 
other at right Angles, from the point of Interſedti- 
on, with the Interval of half the Diagonal deſcribe 
a Circle, tis that you ſought. 

XI. In a given Circle to deſcribe an Fquilateral, 
and aulangled Hexagon. 


Aſſume, or retain the Semidiameter ( which is 


the ſide of an Hezagon) it will divide the Circle 
into 


Fioure 
Pure, 3 
livide 
in inſc1 
Dudecg 


Xl 
cribs 

Diy 
one Q 
wele 1 
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to 8 
lubtens 
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into fix parts; join the points of Diviſion, and you 
will have the Hexagon required. 
XII. To znſcribe an Equilateral Triangle in a gi- 
ven Circle. 5 
Divide the Circle into ſix parts, and omitting one 
intermediate point of Diviſion, join the reſt by right 
lines, and you will have an Equilateral Triangle in- 


{cribed in a Circle. 


XIII. To __ an Equilateral and Equiangular 
Pentagon, and in the ſame manner alſo a Decagon, 
in a given Circle. „ 

Eg. 65. From the Center e deſcribe the Circle 
abe d, draw the Diameter 6b d, and the Perpendi- 
cular a e; cut the Semidiameter e b in the middle, 
in f, make the Interval Fa in the Diameter b d from 
V and let this interval be f : : the right line ? 4, will 
be the fide of a Pentagon, and ei, the fide of a De- 
agon inſcribed in the Circle : The right line then 
ic being five times aſſumed, and e i, ten times in the 
feriphery, will comprehend points, which if you 
pin by right lines, will be the Pentagon and Deca- 
gon deſired. 

But we muſt note in this place, that to inſcribe many Angled 
Figures in a Circle, we ſhall inſcribe in the ſame Multangular Fi- 
cure, another which hath doubly more Sides and Angles, if we 
divide the Arches which the Sides ſubtend in the middle: So in 
a inſcribed Square, we may inſcribe an Octagon; in a Sexagon, 2 
Dudecagonz in a Decagon, an Icoſagon. 


XIV» In a Circle given, to inſcribe, and Circum- 
cribs G Regular Multangle. | 

Divide the Circle into 4 Quadrants, ſubdivide 
oe Quadrant into ſo many equal parts, as the Mult- 
angle to be inſcribed hath Sides and Angles : Exam- 
ple, Into 7 parts if you would inſcribe a Septangle, 
nto 8 parts if an Octangle: And a right line, which 
lbtends 4 of the ſame parts, will be the ſide of the 
Multangle to be inſcribed : For of how many parts 


„ of 
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of the Quadrant one of thoſe is, into which the 
Quadrant is divided, ſo _ is the Arches of Foy 
of ſuch parts of the whole Periphery. 
But if in a Circle, any Regular Multangle what. 
ever be inſcribed in this manner, and at the Extreams 
of the Diameters, Perpendicular lines be raifed fr 
the Center to the Angles of the infcribed Figure 
theſe Perpendiculars Joyned, will conſtitute a Re 

ular, Multangle Figure, of the fame number of 
Sides and Angles, circumſcribing the Circle. 


To be Noted concerning the Heptagon, or 7 Sided 
Figure. 

Although the Heptagon may in ſome reaſon be 
inſcribed in a Circle Mechanically, nevertheleſs it 
wants a Geometrical Deſcription, as well without 
the Circle as within; ſince the quantity of the Sides, 
in reſpect either of the Diameter of the Circle, ot 
of any other Figure, (although neceſſary) is yet un- 
known : Neither, as Kepler ſays in his Harmonicis, 
can it be known by Humane Underſtanding : There. 
fore, ſays he, no one at any time knowingly and 
willingly, hath required of any one the Conſtructi- 
on of a Regular Septangle from any thing propoled, 
neither can it be made from any thing propoſed, but 
by meer Chance; and yet *tis neceſſary to doubt, 
whether it may be can e or not? 
XV. Io determine the Sides of all Regular Planes, 
In Parte of which the Semidiameter of the Gircle u ? 
100009, in a Plane circumſcribed of the Circle. 455 

With the fide of the Figure to be inſcribed in 21. 3 
Circle, enter the following Table, which compre- 
hends rhe Proportion of the Sides, with reſpect to] diar 
the Semidiameter, from a Triangle even to one ot N 
20 Angles : for the ſide being found on the left hand, par 
over againſt it, is the Quantity of the ſame, in reſpect i 
to the Scmidiameter of Parts 100000, 


Fxaemp. 


S &. 
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Example, Of how many ſuch parts will the ſide of 2 Pentagon 
be, to be inſcribed in a Circle? Au. To the number of Sides 
of F igures over againſt 55 which 15 the Note of 2 P entagon, an- 
ſwers 117557 3 therefore ſo many parts of the Semidiametet of 
Parts 100000, will the fide of a Pentagon have, which ought to 
be inſcribed in a Circle of this Diameter. | 


4 Table of the Quantity of Sides, in rope. of the 
Semidiameter of Parts 100000, from th 
even to one of. 20 Angles, or Sides. 


1 


Numb. of Sides. Quant. of Sides. Nuæb. of Sides. Ga of Sides, 
5 173205 12 151754 ö 
4 141422 13 47863 
— + 7 > 7» 7 I 14. J 44503 
6 Io0000 15 | 
7 
8 
9 


x : e 
86775 16 39018 
. Tx - |; 940 


00004 | 18 4 20000 
190 } 61803 T 
E M 28 [241268 


r 


| Ty way of Making and of Continuing this Table, 
is thus. 

1. Divide 350 Degrees of a Circle, by the num- 
ber of Sides of the given Figure : Example, by 4, 
the Sides of a Quadrate or Square, it makes 90. 

2. Seek the Sine of half of the Quotient, vs. of 
45, which 1s 70711. 

3. The double of it, 141422, ſhews the fide of 
the Square ſought ; in parts, of which the Semi- 
diameter is I oO. | 


XVI. Tye Side of any Figure being aſſumed, of 
Parts 1000; To find the Semidiameter, or Radius of 
the circumſcribing Circle in the ſame Parts. 
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Enter the following Table, and ſeek the numer 
of the Sides of de in the firſt Column) to ;7 
which the Circle is to be circumſcribed, over againſt P 
which anſwers the Quantity of the Semidiamete 
in the ſame parts. E 


As if we were to find the Semidiameter of a Circle to circun. | 
ſcribe an Heptagon : If the fide of the Heptagon be ſuppoſed, or put C 

of Parts tooo ? To the Number of 7, the fide of an Heptagy, 3; 
over againſt it we find 1152, the quantity of the Semidiameter . 


in thoſe parts. | | : 
A Table of Radius's of a Circle, circumſcribin Ml C 
Regular Figures, aſſuming the Sides of any Figure, of WM ſu 
Parts looo. 3 it 
LEES Oe = „ | an 
Number of | Quantity of | Number of | Quantity of 
| Sides. | Rady. Sides. Radij. * 
3 577 I2 ][ T1932 ter 
4 707 13 2089 fre 
LS eo - 14 2247 e 
6 1000 15 2405 mi 
7 1152 1 2563 at 
— M6728 
9 1462 18 2879 . 
10 1618 19 3038 to 
3 122 _ 3106 - 5 
: in 
The manner of making and continuing this Table, | firf 
7s This. the 


1. Take from the Table of Problem XV, the I the 
Quantity of the Side of any Figure, to a Radias or the 


Scmidiameter of Parts 100000 z to wit, of a Square 
Figure, the quantity of whoſe Side is 141422. fan 

2. Then make it as the & To the Rodin, So the Side ofa of; 
Side of the Square 141422 P of Parts 100000J Square 1000. 


To tive Radius 707, omitting without ſenſible Error, the ad- 


XVII. 4 


Bering Fraftions, | 


Of CIRCLES. 169 

XVII. A Circle being given, to Double or Triple 
it, or to increaſe or Diminiſp it, in any Multiplex 
Proportion. e 

Le you will proceed in a Geometrical Proportion, continually 
double. % i | 
1. Take the ſubtenſe of the firſt Quadrant of the 
Circle to be increaſed, for a Semidiameter, whereby 
deſcribe a Circle doubly greater to the firſt given : 
Of this double Circle, aſſume the ſubtenſe of the 
Quadrant, inſtead of a Semidiameter, it will give a 
Circle 4 times as great as the firſt : If you make the 
ſubtenſe of the Quadrant of this, a Semidiameter, 
it will make a Circle 8 times as great as the firſt ; 
and ſo you may proceed in inſinitum. 


But in returning or going back again, take the Se- 
midiameter of the greateſt Circle, inſtead of a ſub- 
tenſe of a Circle doubly leſſer, or as little again 
from which ſubtenſe you may eaſily diſcover the 
Semidiameter of this Circle doubly leſſer, in the Se- 
midiameters of leſſened Circles, cutting each other 
at Right Angles in the Center: And ſo alſo you may 
do, for finding Circles 4, and 8 times leſſer. 


But if you would aſcend in Arithmetical Progreſſion, in Double 
to Triple, Quadruple, Quintuple, &c. 

1. You may let the point of the Compaſs, remain 
in the extream point of the Semidiameter of the 
firſt Circle, a, in Fig. 66. from which, if you take 
the ſubtenſe of the Quadrant 2 c, and transfer it into 


the line 5% you will have 6 d, the Semidiameter of 


the double Circle. | 


2. Then if you transfer the ſubtenſe à d, into the 
lame line þ J, you will have be, the Semidiameter 
of a Circle Threefold greater than the Firſt given. 

From à e, if you make b /, you will produce the 
Semidiameter of a Circle Fourfold greater than =— 

0 ; 
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firſt given, and ſo on; you may aſcend to Quinty. 
ple, — Oc. =" EN mW To 

In going back again, the Ratio is reverſe, as if 
from the Semidiameter & /, of a Circle Fourfold 

eater than the firſt given, you would inquire the 
E nidiameter of a Circle only Triple of the firſt: 
Take with your Compaſſes the Semidiameter 5%, 
and make from it the ſubtenſe 2 c, and it will be 
þ e, the Semidiameter of a Circle, only Triple grea- 
ter of the firſt given: Then from the Semidiatneret 
5 e, make the ſubtenſe 2 d, and you will have d, 
the Semidiameter of a Circle only doubly greats 


than the firſt given, Oc. 


XVIII. To conflitute or make a Refangle Trim 
zle, equal to a given Circle. Fig. 67. 


Divide the Diameter into ſeven equal parts, and 
at the Extream of it, B, raiſe the Perpendicular BC, 
whole length muſt contain the Diameter three times, 
and over and above a ſeventh part of the Diameter: 
If then you join either the Extream of this Perpen- 
dicular C, with the Center A ; or which is the ſame, 
the half of it, or the middle point, with the other 
Extream of the whole Diameter, as the prick lire 
ſhews, you will have a Rectangle Triangle, equal 
to the given Circle, very near. 


XIX. Io Square the Circle; or to make a Square 
equal 10 @ Circle. 


Becauſe the Rectangle Quadrangle, contained un” 
der half the Periphery and the Semidiameter, is © 
qual to the Circle: If then we find a mean Propor- 
tional, between the Right Line which is equal to 
halt the Periphery, and the Radius or Semidiame- 
ter of tlie ſame Circle, it will be the fide of a Square 
equal to the Circle. ic 


wo ax 


BIS T S055... KE; - 


If the Area of the Circle be iven in Numbers, 
the Square Root of them, will be alfo the fide of 
a Square equal to the Circle. | 

XX. To deſcribe aCirele equal to a given Square. 

In Fg. 68. Let the Square given be a bed, in 
which the Diameters ad and hc, cut each other 
mutually in the Center of the Square; then cut off 
5 part of the fide d c from d, which let be 4 f, 


the remainer fe i$ the Semidiameter of a Circle, 
equal to the Square 2 h c d, proxime. | 


XXI. The Diameter of a Circle being given, to find 


its Circumference. 


| Make it as 7 to 22, or more near the Truth, as 
113 to 355 : For Example, ſo 14 to 44 the Circum- 
ference, yet a little greater than the Truth ; but b 


the laft Proportion, tis 43 2, being yet a ſma 


matter t00 great, 


XXII. The Circumference given, to find the Di- 
ameter. 2 a | 
Make it as 22 to /, ſo the Circumference given: 


For Example 44, to the Diameter ſought 14, which 
is ſomewhar leſs than the Truth. | 


XXIII. Given the Diameter of a Circle, ro find 
its Area. 

Make it as 14 to 11, ſo for Example, the Diame- 
ter 7, its ſquare is 49, (which is had by drawing 
the Diameter into it ſelf) To the Area of the Cir- 
cle 38 4, a little too much. 

XXIV. By knowing the Periphery of the Circle, 
to find its Area. 

Suppoſe the Periphery, for Example, 22, its Square 
484; and make it as 88 to 7, ſo the Square of the 


Periphery 484 ro the Area ſought, 28 : proxime. 
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XXV. Given the Semidiameter and Crcumferenes 
of a Circle, to find the Area. | | 


Draw half the Circumference into the Semidi. 
ameter, or half the Semidiameter into the whole 
Circumference, and it produces the Area of the 
Circle; as for example, if the Semidiameter be), 
the Semicircumference 22, the Area of the Circle i 
will be 154. | - 


XXVI. Given the Area of a Circle, to find its Di. 
æmeter. 
Make it as 11 to 14, fo the Area 154 to the 
Square of the Diameter 196, whoſe Square Root 
14 will be the Diameter ſought, vers paulò minor. 1. 


XXVII. From the Area of a Circle given, to find 
ite Periphery. 9 aff 
Make it as 7 to 88, ſo the Area of the Circle 154, cer 
to the Square of the Periphery 1936, whoſe Square the 
Root 44, will be the Periphery, Paulo tamen major " 
vera. | e 
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For the true and exquiſite Proportion of the Cir- led 
cumference of a Circle to its Diameter, to wit, of WW der 
a Right Line, and a Crooked, is not as yet found 
out, nor perhaps will ever be found ; wheretore 
what we have delivered hitherto, we are content in 
this place with the Proportions Invented and De- | 
monſtrated by Archimedes. and others. 
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PART Il. 
"of TRIGONOMETRY 
The PREFACE. 


Of the Canon of Sines. 


n is the Doctrine of Solving or 
Meaſuring of Triangles. \ 

2. An help to it, is the Canon of Sines, whereby 
aſſuming in a Circle a Radius, or Semidiameter of 
certain parts, the Quantity of the Sines, and alſo of 
the Tangents, and the Secants, and Verſed Sines, are 


aſſigned to every Arch of one Quadrant; to this 


end, that from or by theſe, the Angles and Sides of 
Triangles being known, we are brought to the know- 
ledge of others unknown, by the benefit of the Gol. 
den Rule of Proportion. 
3. In this Canon two things are to be regarded. 
1. Its Structure: And 2. Its Lc. 


4. The Structure, is eaſie, if we have the known 
Proportions, which the ſides of Rectangle Triangles 
make between themſelves; alſo of Plane Figures 


inſcribed in a Circle, of the Trigon, Tetragon, Pen- 


tagon, Hexagon, Decagon, &c. with the Semidiame- 
ter: for ſuch ſides are ſubtenſes of Arches, the half 
of which, conſtitute the Sines of half the Arches; 
irom one of which many may be had, as Priſcus 
plain!y reaches in many places in his 6 
5. The 
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5. The Uſe of the Canon of Sines in General is: 
1. That either from an Arch given; which being 
| ſought in the Extreams of the Canon, the Sines, Tan. 


gents, Secants, and Verſed Sings, may be had ev 
one under their Titles * INE ad every 


2. Or from Sheen _ Tangent „ or Secant;, 


being ſought and found in the Ares of the Canon, is 
found the Arches anſwering to them. © 


6. Where notwithſtanding we muſt Note. 


1. The Canon of Sines is only made to the Ar. 
ches of a Circle leſs than a Quadrant, or to Acute 
Angles. 9 IG 
2. That if therefore there be offered an obtuſe 
Angle, or an Arch greater than a Quadrant, or 90, 
it muſt firſt be taken from 180?, or which is the 
fame, we muſt take its Complement to a Semicircle, 
and with this find the Sine, Iangent, or Secant, 
which will alſo be the Sine, Tangent, and Secant of 


the obtuſe Angle propoſed, or of an Arch greater 


than a Quadrant. 
Example. 
3 © , , 
An Arch being propoſed of —————125 : 13 : I% 
For it, I take its Complement —54 : 46 : 4% 
Or from 180, or— ——179 : 59 : 6% 
I take awdy-———— — — 125 : 13:15. 
And there is left the Arch of —54 : 46: 4% 
II. 


1. Sines, Tangents, and Secants alſo, are ſome- 
times computed to Firſt and Second Scruples, but 
ſome Canons are content only with Degrees. 

2. And if therefore ſuch a brief Canon be offered 
to you, and you would uſe alſo Scruples, as well 
Primes as Seconds in your Calcula on, you muit 
ſeek the part Proportional, and that in tw¾yo n 

; . 3 U 


ſwering to it. 


1. If to an Arch given, you are to ſeek the Sine, 


% - 


Tangent, Secant, or Verſed Sine. 


oy The Procefs is thus. 
Let us ſeek the right Sine to 2 given Arch of- oꝰ: x "I . zo”, | 
Take the Sine of the Arch,next greater, 119, which is 19081. 
Likewiſe the Sine of the next leſſer Arch, 100, which is 17363. 
The difference of theſe is 1716. 


Say then by the Golden Rule. 
If 1* make 1716, what makes —1ß; : 30% 
Or reducing the Extreams to the leaſt Terms, 

If 3500'' give 1716, what gives 930" 

The operation being made, it produces 443, or 444 almoſt. 
Which added to the Sine of to0%mmm__—_——_— 76g 
Makes — 17809. 

The Sine of the Arch ſought 10? ; 15: 30 


2. F to a right Sine given, we ſeek the Arch an- 


N Proceed thus. - | 

ter Fei 6, 1 908 1. The given, 17809. 
The next lefſer——— 10 17365. 17365. 

The difference 1716. The differ. 444. 


3 Say then: | 

If 1716 give 1, or 3600”, what 444? The operation being 

made, it produces 931”, or 15”: 30”, to be added to 109, that 
you may have the Arch anſwering to the Sine given. 


But *tis not always neceſſary that we ſhould be 
troubled with ſecond Scruples, but in moſt Calcu- 
lations we may be content with Minutes, or Firſt 
Scruples: And what in this Example is faid of Sines, 


the ſame alſo is to be underſtood concerning Tan- 


gents, and Secants, and Verſed Sines. 


* 


III. 


Verſed Sines are ſeldom added to the Tables of 
dines, ( yet to fave troune 1 have added them ) 


becaute 
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becauſe they _ be had from the Table of Sines 
with a great 4 


leſſ Valet 8; * a Arch leſs th 
I. The leſſer Verſed Sine of an Arch leſs than Lin 
Quadrant, may be had; 1 0 DON ” 
If you take away the Sine of the Complement of Nec 
the given Arch from the Radius, or whole Sine. | 
2. The greater Verſed Sine, being an Arch grea- Nine 

ter than a Quadrant may be obtained. 
If to the Radius you add the Exceſs of the right 


Sine, to wit, whereby the given Arch exceeds' a 
Quadrant. | «oor © AT eh 
X [0.642 4535 _— a 1 9: £5 4. 
Thus much of the Canon of Sines, now follows then, 
PP ; —_ 
"= defle 
be Ic 
THE equa 
Doctrine of Trigonometry. I, 
> the F 
PART III. mo 
. 2 "TOES AY 
of TRIANGLES. 75 
25 | 7 295 reate 
THEOREMS. Ih 
| 2 f Neive. 
Of Triangles in General. 7 
| | 5 Seal 
1. LL Right Angles are equal between them. . 
elves, to wit, each to go?. For 


2. When a Line 1s inſiſting on a Line, or cutting Not 
the ſame , it makes Angles that are either Right, or N 
equal to two Right Angles, as in Fig. 12 and 13. T Huch 

| : | | n 


LD TRIANGLES. 177 
In this Scheme, the Perpendicular Line, with the 
ſubjected Line, makes two Right Angles; but the 
Line falling obliquely makes one Acute, and the 
other Oblique, and both equal to two Right An- 
gles: For by how much one wants of a Right An- 
gle, by 10 mach the other exceeds the fame Right 
Angle. ̃ N | 

n Angles at the Vertex, or oppoſite by the Croſs, 
tee £907 bel tocen themſelves. = | | 
As in Fig. 14. the Angles ö c d, and ace; Alſo 

h and c eg are equal. 

4. Angles whoſe Legs agree, are equal betwcen 
them{coes. | | 

As if an Angle be placed, or put on an Angle, and 
exch of the Legs ſo agree, that never a one bends or 
deflects from the other, although perhaps one may 
be gy chan the other, thoſe Angles are accounted | 
equal. 

28 In any Triangle whatever, a Perpendicular let 
all from an Angle contained by equal Legs, cuts both 
tbe Baſe and the Angle in the middle, or into tio 
equal parts. | 5 

In Fig. 24, in the Equilateral Triangle de f, the 
ferpendicular e c being let fall on the Baſe d 7, cuts 
tin the middle. | 

6. In all Triangles, two ſides taken together are 
rater than the third, or remainer. 

{hercfore if any one commands a Triangle to be 
mide, whoſe tides contain 3. 4. 8. it may be per- 
eyed to be impoſſible. | | 
7. In every Triangle the greater fide ſubrends the 
greater Angle, the leſſer fide the leſſer Angle, and 


ge. Mito! [rides ſubtend equal Angles. 

| For by how much greater or leſſer the divaricati- 
1s om of rhe ſides are, that conſtitute the Angle, from 
or hence the Angle is made greater or lefler z by fo 


uch grearer. or leſſer alſo the ſubtenſe is made. 
| N 8. Hence 
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8. Hence every Equilateral Triangle is alſo Equi 
engled, and the contrary. 
9. But an Iſoſceles, or Equicrural Triangle hath “ 
the Angles at the Baſe equal. 1 


Of Plane Triangles. 


Io. If a Right Line falls on Parallel Lines, i 
makes like Angles, and being ſeituate in like nun. 
ner, or alternate, it makes equal Angles, and the cor. 
trary. 

So in Fig. 14. Like Angles, and alike ſcituated, are 
the Angles bc d, and ceg; and alternately ſcituatel 
are ace, and ceg ;and as theſe, ſo alſo thoſe, are 
equal between themſelves. | 

II. If Right Lines are cut by Right Lines that 
are Parallels, the Interſegments are Proportional. 

In Fg. 72. The two Right Lines à b, and 2c, be- 
ing interſected by the Parallel Lines de, and bc; 
The Interſegments then, à e and a d, alſo db and 
ec are Proportional: that is, as ad, to a h, ſo ac 
to a c. Andasae to de, ſo ac to hc. 

12. Hence, in a Plane Triangle, a Parallel to the 
Baſe, cuts the Legs Proportionally. 

As if in the Triangle h 2c, you take h c for the 
Baſe, and a Parallel to it d e, theſe Legs a d, and ac, | 


will be cur Proportionally. "Bp 
13. Equiangled Triangles have their Sides about I F 
the equal Angles Proportional, and the comrary. I. \ 
Example, Fig. 72. «i 


Let there be two Triangles à de, and a 6c, equi- NH 
angled, ſo that the Angles at d and 6, likewiſe ar z * . 
and a, and at e and c are equal: I ſay the ſides of, in 
them 2 the equal Angles are Proportionals, that 15 ; 
is, they be: | 

As 14 to de; ſo 45 to h c. And as 4 d to 4 s, 
ſo 4h to ac. . Une 

And as à e to de; ſo ac to cb, &c. "nh 

I4- I v6 


14. If many Plane Triangles are compounded, and 
interſeted by Parallel Right Lines, the Segments are 
Proportional. Go oe 

For Example in Eg. 73, the two Triangles e 4 /, 
and f ag are compounded, and are interſected by 


che Parallel Right Lines be d, and eg; thoſe In- 
„ eerſegments are Proportional: and it is, | 
As c to 07 to fg. 


* As h c to cd, ſo ef to fe. „ 
Ire 15. If of any Plane Triangle whatſoever, the Side 
ted be continued, the outer Angle made by that conti- 
ae zuation, is equal to the two inward oppoſite Angles, 
as in Fig. 74. | 5 
hat WW I the fide 2 c of the Triangle 2b c be continued 
; in d; the outer Angle bc d, will be equal to the 
be- ¶ two inner oppoſite Angles h a c, and a bc : for the 
) c; WM angle ec d is equal to the Angle h a c, for they are 
and I ſcituate alike between Parallels. 5 SIX YL 
4e Allo the Angle b ce, the other part of the Angle 
bcd, is equal to the Angle 2 h c, becauſe alternate- 
the ME ſcituate to it; whence it follows alſo, that the 
whole Angle 6 c d, is equal to the two oppolite An- 
the Weles, 4 and à bc. . 


4e, 16. Every Plane Triangle hath three Angles e- 
* qual to two Rights a 
e For the Angles h cd and bc 4, are equal to two 


Right, therefore ſince they are alſo equal to the 
three Angles in the Triangle 2 6 c, it muſt necelſa- 
= ſly follow, that theſe three Angles alſo are equal 
es of 2 wo Right : For 6c is a common Angle, and 
"har eval to it ſelf, but bed is equal to the Angles 
«bc and h @ c, as appears, by the precedent Pro- 
bem; therefore the Triangle 2 he hath three An- 
des cual ro two Right: Becauſe tfioſe things 
Watch are equal to one and the ſame, are alſo equal 
4 J between themſelves. | | 
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17. Hence, in no Plane Triangle, can there be nom g 
than one Right or Obtuſe Angle. Wt 
For otherwiſe, the Angles would exceed two Right N be 
Angles, which. is contrary to the Antecedent Pro. 
18. And one Angle being Right or Obtuſe, the s Wu 
ther"rwo muſt needs be Acute. 
19. And either of the two Acute, is the comple 


ment of the third to 1100 Right Angles. ſul 
20. Moreover, if two Triangles baue pairs of An. * 
#les equal, they are wholly equal. WE, the 


For if you take both the pairs of equal Angle the 
from 180, -the remaining complement of both the An 
Triangles muſt needs be equal, according to the 4% 
_— BS I | 2 
When Equal things are taken from Equals. the 
ee eee alſo 2 . r fle 
21. In a Rettangled Plane Triangle, the Squares 
of the Sides including the Rectangle, taken together, 
/e equal do the Square of the Hypotenuſe. 
„„ , ran 
- F:g. 75, In the Triangle abc, Right Angled at 6; 
I fay. the ſides a b, and bc, including the Right An- 
gle, it of them you make Squares; equal to thoſe 
Squares is the Square of the Hypotenuſe 4c: As if 
the fide ab, be 3 Feet, its ſquare will be 9 Feet; and 
if the fide bc, be 4 Feet, its ſquare is 16 Feet; which 
2 Squares taken together, make 25 ſquare Feet, and 
is as much as the ſquare of the Hyporenuſe : For 
if it be 5 Feet, its ſquare alſo will be 25 Feet, as 
the two former taken together: The Demonſtration 
of this moſt noble Theorem, vou may ſee in Euclid, 
Book 1. Prop. 47, and allo in Pit iſcus. 1 
22. In oRefarole Plane Triangle, one of the Acute 
Ang les, is the Complement of the other to a Quadrant. ] 
For the Right Angle is always 90?, if theretore 
one of the Acute be 367% the other of rhe Acute br 
_gles 


Il, 
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gles t muſt needs be its Complement to a Quadrant, 


that is 54; to wit, that the 3 Angles together, may 
be made equal to two Right Angles, or 1800 


23. The Sides are to one another, as the Siner of 
their oppoſite Angles. 


For fince the ſides are to one another; 4s s the fub- 
tenſes of their oppoſite Angles : But they make the 
ſubtenſes of the oppoſite Angles, if you circum- 
ſcribe a Circle about the 3 Points of the 3 Angles, 
they will be alſo to one another as the halves of 
their ſubtenſes, that is, as the Sines of the oppoſite 
Angles ; for that which is the Ratio of the whole 
to the whole, the ſame alſo is the Ratio of the halt 
to the half, as nature it ſelf Dictates; for Exam- 
ple, The Ratio of 10 to 6, is. alſo the ſame as 3 £0 3. 


24. As the Sam of two Sides. 7 the difference of 
the ſame, ſo is the Tangent of "balf the Sum of. the 
two oppoſite Angles. to the T, angent of the Diff 
beneath or above the half. 


Fig. 76. As in the ObliqueT lends ab „ If it *. 
The fide ac, 5. IThe Sum of the Angles at 2 & b, 1255 
The ſide be. 2.0 The Halt: 
The Sum —8. _ ngent of this Halt, is 274747 7, 
Difference, 2. I ay they. 


As the _— the Dif-2 So the Tangent of the 
of the ſides 8.4 ference 2. Cal 70, being 2747 47 ” 
To 6868593, the Tangent of the Arch 34. 


59 ; which is the Difference of the Angle a, ow 
teach, and 6, above the half: 


Whence if from the e half Sr 0 
We Subtract 7 8 28 3 
It leaves the Angle at 2 35 : 1 
N 3 But 


7-173 
6 CAS 


77 
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But if to the ſame; half 70: G: o U 


lt produces the angle at b—104 ESE hn 


25. As the greateſt fide to the Sum of the reſt, ſois 
the difference of the other ſides, io the Segment of thy 
greater fide, which being taken away, the Perpend. 
cular will fall in the middle of the remainer ; Fig. 76. 


5 be of 
In the Triangle abc, let the greateſt ſide il 7 
res i CE be DAS T 421. 77 
289 — | 20. 
br ———————. 
The Sum of the two leſſe — 33. 
The Difference-————— 7. 
Say then: TID 
As the greateſt I To the Sum of 2 So the Diffe- 
fide 21—— |} the others, 33. 5 rence 7, 


To 11, that is the Segment of the greateſt fide 
4 d, which taken from a c; the Perpendicular b: 
will fall in the half of the remainer dc : For 11 ta. 
Red from 21 leaves 10, and the halts of this is de, 
and ec. e 1 


26. The Perpendicular, which is let fall from a 
Right Angle on the Baſe, is a mean Proportional bi- 
teen the 1wo Segments of the Baſe : And in lie I jp, 
manner, either leg of the Right Angle 7s a mean Pro- 

ortional between the Baſe and the Conterminate Stg- 
ment of the Baſe : As, 0 5 


If the aforeſaid Triangle 2h c, be ordained a Reci- bec 
angle; the Perpendicular b e let fall on the Bale ac, | 
is a mean Proportional between the two Segments » 
ct the Baſe ae and ec. „ 5 

In like manner, a ö is a mean Proportional between 
the Baſe 4c, and the conterminate n ol 17 
| Ln. 1KE- 


U 


of the former Triangle. 
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Likewiſe the Leg b c is a mean Proportional be- 
rween the Baſe a c, and the conterminate Segment ec. 


Of Spherical Triangles. 


27. The Sides of Spherical Triangles are Arches 
of the greateſt Circles, dividing the whole Sphere in- 
10 wo Hemiſphæres, each leſs than a Semicircle. Fig. 
77, 78 ad 79. 

28. If a great Circle of the Sphare paſs through 
the Poles of a great Circle, it will cut it aright, or 
at Right Angles. 

In Fig. 80. The Arch of the Circle a h, cuts the 
Arch of the Circle g þ rightly, the Pole of which is 
the Point 2. . 

29. The Meaſure of a Spherical Angle, if it be 
taken in a great Circle, is an Arch of a great Circle 
deſcribed from the Angular Point between the In- 
b ercepred Legs in ſome meaſure continued : See 

ig. 80. 
80 the Meaſure of the Angle c a6, is the Arch g h, 
diſtant from the Angular Point by a Quadrant. 

30. If the Legs of a Spherical Triangle being con- 
tinued, do concur or meet, they make Semicircles, 
and they comprehend an Angle equal and oppoſite to 
the aforeſaid Angle. 

AS the Legs of the Angle h ac, being continued 
to d, make the Semicircles a h d, and a cd, and com- 
prehend the Angle 6 de, equal to the Angle h ac, 


becauſe the ſame Arch gh meaſures both the An- 


gles, a and d. 

31. Any Spherical Triangle, from any Angular 
Point, hath another Triangle oppoſite to it, whoſe 
Baſe is the ſame, and the Angle oppoſite to the Baſe ; 
the remaining parts are the Complements of the Parts 
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Theorems of Geomet 
2, it hath the Triangle ᷣᷣ d c oppoſite to it ſelf, whoſe 
Baſe is the ſame h c, and the Angle oppoſite to the 
Baſe b dc; Bur the ſides bd and 1 comple. 
ments of the Sides 2h) and 2 c to a Semicircle: Ard 
the Angles db c, and de b, are complements of the 
Angles 2 b c, and 6c a, to two Right, or 1802. 


32. A Reclangled Spherical Triangle, with fie 


Acute Angles, bath from the Right. Angle, a Rel. 
angle Triangle, oppoſite to it, with two Obtuſe Ai. 
gles ; and the contrary. | | 
As if the Angles at 4 and d are ſuppoſed to he 
right, it hath the Rectangle 6 2 c, with two Acute 
at h and c; and the oppoſite Rectangle h de, hath 
two Obruſe Angles at b and c. ne 


33. Refangle Spherical Triangles, with 700 06 


zuſe' Angles, two of the Sides are greater than Quad + 
_ rants, as bd and d c, and the third leſs than a Qual 


rant, as bc, in the Triangle bd eG. 


34. In 4 Rectangle Spherical Triangle, with an 


Acute and an Obiuſe Angle, it hath opnoſite from 


the Acute Angle, a Rectangle Triangle, with two 


Acute Angles. 55 | | 1 
As in the Rectangle Triangle cdi e, with the Acute 
e ed, and the Obruſe c ed, it hath the oppoſite Tri- 
aygle Rectangled e d f, with two Acute at e and. 
25. Spherical Triangles having more Right Ang/es 
than one, the Sides ſubtending, the Right Angles ar? 


 Duadranits. 


So if the Triangle ag Þ is a Rectangle Triangle, 
wich three Right Angles, all irs Sides are Quad- 


Iants. | 


36. If of a Spherical Triangle, having two Rigit 
Angles, the third Angle be Acute, the third Side is 
leſs than a Quadrant: But if Ovivfe, {is greater, 

As 


184 %, Part Ill. 
So in the Triangle b a c, from the Angular Point 
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greater than a Quadrant. alk + 

37. In a Spherical Triangle, purely Acuteangled, 
its oppoſite Spherical Triangle bath two Obtuſe, and 
one Acute Angle, and the contrary. 

As if the Angles at a, and at d, are ſuppoſed A- 
cute, To the Triangle 2 h c, purely Acute, ( that is 
to ſay, having three Acute Angles) there is oppoſite 
the Triangle bd c, with two Obtuſe at h and c, and 
one Acute Angle at d. pa” „5 

38. I a Spherical Triangle, purely Obtuſe, there 
is an oppoſite Spherical Triangle, with two Acute, 
and one Obtuſe Angle, and the contrary. 

As if the Angles at a and d are made or ſuppoſed 
to be obtuſe ; To the Triangle, purely Obtuſe An- 
gled, b dc, there is oppoſite the Triangle 2b c, with 
wo Acute Angles at 6 and c, and one Obtuſe at 2. 

39. The three Angles of any Spberical Triangle. 
are greater than two Right Angles. h 


Therefore the thing is otherwiſe than in Plane 


Triangles, in which the three Angles taken together. 
ate equal to two right. 


40. In Reitungled Spherical Triangles, the fame 
baving Acute Angles at the Baſes ; Ihe Sines of the 
tippothenuſes, and of all the Perpendiculars, are 
Propertionals between themſelves. Eig. 81. 


Let there be two Rectangle Sphærical Triangles, 
e and 4 e,, in which the Hypothenuſes are à b, 
aud 4e, and the Perpendiculars c and e f, and the 
baſes and. /; and the Angle at a common to 
both Bates : I fay the Sines of the Hyporhenuſes, 
and of the Perpendiculars, are Proportionals between 
themſelves, to wit, as the Sine of the Hypothe- 

| nuſe 
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nuſe 4 h, to the Sine of the Perpendicular bc; S0 ll . ? 
is the Sine of the Hypothenuſe 4 e, to the Sine of the 
the Perperpendicular fe. | | 
Likewiſe as the Sine of the Hypothenuſe a e, to the 
the Perpendicular /; fo is the Sine of the Hypo- 
thenuſe 4 b, to the Perpendicular h c: And as the the 
Perpendicular e 5, to the Sine of the Hypothenuſe h 
463 to is the Perpendicular h c, to the Sine of the 115 
Hypothenule 4 b. | 5 


41. In Recfangled Spherical Triangles, having 
more Acute Angles than one at the ſame Baſes . the the 


Sines of the Baſes, and all the Tangents of The Per. C 
pendiculars, are Proportionals between themſelves: the 
that 1s, | 5 

the 


1. As the Sine of the Baſe 2 /, to the Tangent of 
the Perpendicular .e /; ſo the Sine of the Baſle ac, ] 
to the Tangent of the Perpendicular h c. Spe 

2. As the Sine of the Bafe ac, to the Tangent of MW or 
the Perpendicular þ c : ſo the Sine of the Baſe af, MW bot 
to the Tangent of the Perpendicular . 

3. As the Tangent of the Perpendicular e f, to 
the Sine of the Baſe af ; ſo the Tangent of the 
Perpendicular c, to the Sine of the Baſe a c. 


42. In all Spherical Triangles, the Sines of the 
Sides are dirett Proportionals to their oppoſite An. 
les. | 

5 Example. 

1. As the Sine of the Angle g cb, To the Sine of 
the Side 4 b : | 
So the Sine of the Angle 4 h c, To the Sine of Li 
the Side 4 c. Le 

2. As the Sine of the Side 4 5, To the Sine of i 7. 
the Angle 2c. | | 

So the Sine of the Side - 4 c, To the Sine of WT 
the Angle 4 b c. 0 


=" AS 


O Spherical Triangles, 1387 
3. As the Sine of the Angle 4c b, To the Sine of 
the Side 4 Þ.. . 
So the Sine of the Angle 5 4 c, To the Sine of 
the Side bc. 5 3 
4. As the Sine of the Side - 4 h, Ta the Sine of 


the Angle c 4: 


So the Sine of the Side - - b c, To the Sine of 
the Angle bac. | 

5. As the Sine of the Angle b a c, To the Sine of 
the Side be. 


So the Sine of the Angle a b c, To the Sine of 


the Side à c. : 

6. As the Sine of the Side - - b c, To the Sine of 
the Angle hac. 

So the Sine of the Side - - ac, To the Sine of 
the Angle @ be. | | 


Notwithſtanding here alſo we muſt attend to the 
Species or Kind of the Angle, whether it be Acute 
or Obtuſe ? Since the Sine may be the ſame of 
both. 


43. In all Spherical Triangles, two Sides being 
each leſs than a Qualrant If you firſt compound 
them between themſetves ; then the lejjer Side with 
the Complement of the greater. ,, and from, or to the 


Sine of the latter compounded Arch, you Subtratt the 


Sine of the Complement of the firſt compounded Arch, 
or add the Sine of the Exceſs; It will be, as the Ra- 
dias to the Half of the Right Line made by that Sub- 
traction or Addition : So the Verſed Sine of the An- 
gle comprehended by the ſaid two Sides, to a Right 
Line; which Subtrafted from the Sine of ihe latter 


compounded Arch, leaves the Sine of the Complement 
„ 8 1 1 of « | 
of 10e third Side: Or from which Sultracting the 


dine of the latter compounded Arch, it leaves the 


dine of the Exceſs of the third Side. 
| Example. 
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— Example, Fig. 8%. 
Given in the Triangle h 4 c, 


The Ac. Ang. a, of 50? : 4' and let itbe contained 
by the Side — a b—-26 : 20 The ſame 26 20 
And the Side a c- 59 : 58 Its Comp. 30: 2 
The Sum —86 : 18 The Sum 56: 22 Its Sine 832 5991 


Its Compl.— 03: 42 Its Sine — —— 645323 


Subtracted, leaves 7680668 
Half of it is — 3840334 


An Angle given of 50* : 4 The Radius 10000000, 
Its Complement 39 : 56 Its Sine 6418958, 
The Verſed Sine by Subtraction- - 3581032. 


Having theſe, I ſay ; 


As the Radius, To the Half: So the Verſed Sine. 
I ©O0C000,. 3840334. 3581032. 


To the Right Line 1375239. This ſubtracted from the Sine of the 
latter comp. Arch 8325991. 
Leaves — 6950752. The Sine of the Arch 44? : 2': 
| whoſe Supplement 45? : 487, is in the aforeſaid Triangle, the 
Arch or Side 6c. | 


- NOTE 
At Sign * If this Sum be greater than a Quad- 
Farr, we mult take inſtead of it the Exceſs of the 


Complement, and the Sine of it muſt not be ſub- 
tracted but added. 


More Examples may be ſeen in Pitiſcus Trigo: 
nometry, from whence theſe were taken. 


44. The Sides of Spherical Triangles may be chan- | 


ged into Angles, and the contrary : The Comple- 
ents io d Semicircle being taken on every. ſide for 
the greateſt Side and Angle, 


991 
323 
568 
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Trigonometrical Problems. 
Of the conſtruction of Plane Triang les. 


Problem J. 

Pon a Terminate Right Line given, to make any 
U Ä | / 
r. Equilateral. Fig. 82. | 

From the two extream Points of the given Righ 
Line, with the Interval of the given Line, deſcribe 
with the Compaſſes two occult ſmall Arches, cut- 
ting each other; from which Point of Section, Right 
Lines being drawn to the Extreams of the given 
Line, will make an Equilateral Triangle. 

2. An Iſoſceles, or one of Equal Legs. 

Tis made in the ſame manner, except only in 
deſcribing of the little Arches, we muſt take either 
a greater or leſſer Interval, than is the Right Line 
given, upon which the Triangle is to be made. 

3. A Scalere, or of various Sides. 

It will be made, if we take not only a greater or 
leſſer Interval than the given Line; but alſo in the 
deſcriptian of thoſe little Arches, you mult alter the 
Compaſſes, that ſo you may produce 3 unequal 
Sides, Fig. 83. ; 
On 4. A Recfangled Triangle. : 

Will be made, if at the extream of the given line 
ac, you raiſe a Perpendicular, and join the Extream 
of this, with the Extream of the given Line: Ot 


which hereatter. 


I. Of Finding of Angies in Plane Triangles. 


In any Triangle, beſides the Area, there are fix 
things: to wit, 3 Sides, and 3 Angles : from one 
or another of theſe 3 given, the reſt may be found 

. 


— 


igo Problems of Geometry Part Ill. 
divers ways: only one Caſe excepted, that is, if 
only 3 Angles be given, for from theſe no Site can 
be found, becauſe 3 Angles of one Triangle may he 
equal to 3 Angles of another, although the Sides 
be altogether unequal : Therefore how either the 
Angles or the Sides are to be found Artificially, we 
ſhall now declare: 


| Il. To find the Angles of any Triangle by Inflry 


ments Mechanically, may be done ſeveral ways, 


1. By a Square, with which, if the Sides of the 
given Angle agree, the Angle is a Right Angle; if 
they fall without the Square, the Angle is Obtuſe, if 
within, Acute, by Theorem the 4th of Tr;g0nomerry, 
in Pag. 177. of this. n 

2. By a Meaſuring Rod or Rule, by meaſuring in 
the given Plane Angle, if it may be done, in one 
fide 3, in the other 4, either Feet or Inches: If the 
Hypothenuſe contain 5, the given Angle is 2 Right 
Angle; if leſs than 5, tis Acute; if more, tis Ob- 

tuſe, by Theorem 21 of this. 

3. By a Quadrant, a Semicircle, an Aſtrolabe. 4 
Geometrical Quadrate, or the like 7's rument, ha- 
ving the Diviſions of the Circle, and furniſhed with 
Sights or Perpendiculars, by which not only the 
kinds, of the Angles is had, but alſo their Meaſure, 
as in the deſcription of the Making and U ſe of ſuch 
' Inſtruments may be ſeen ; concerning which, we {hall 
ſay no more here. 


III. In 4 Plane Triangle, from ane Angle given, to 
find the Reſt, either ſingly,or the Sum of them. 


1. In 4 Redangled Triangte ; The Right Anglc i 
known by ic {elf to conſiſt of 90 Degrees; the Sum 
of the reſt are as many Degrees, to wir, 90; _ 

| of 


[0 
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of which being given, the other is alſo known, if 
you SubtraCt the given Angle from 90, by Theorem 
the 16th, and the — 
2. In an Equilateral Triangle, which is alſo 
Equiangled, each of the Angles contains 60 De- 
grees ; for 60 multiplied by 3, is equal to 180. 


3. In an Iſoſcele, one of the Equal Angles being 
given, the other is alſo given, the Complement of 
which two to a Semicircle, is the third unequal 
Angle; and the unequal Angle being rom, the 
Sum of the Reſt is given, if you ſubtract it from 
180, the half of which Sum denotes either of the 
.O. 1 
4. In all Triangles, one Angle being given of a 
Plane Triangle, the Sum of rhe Reſt are given, if 
you ſubtra& the given and known from 180, or if 
you take the Complement of the ſame to a Semi- 


circle by Theorem the 16, of this. 


IV. From two Sides of a Rectangled Triangle given, 
to find the two Acute Angles. 


For the declaration of this, and ſome of the fol- 
lowing Problems, we make ule of the Rectangled 
Triangle a cb, in Fig. 84. which we have inſcribed 
in 4 Quadrants of a Circle, that it may more plain- 
ly os, how each Side may be had, either for 
Radij, or for Sines, or for Tangents and Secants. 


And we have aſcribed to 2c the leſſer fide 3. 
Bur to the greater ———b c 
And to the greateſt, or Hypothenuſe a 6——. 


And the Ratio of finding the Angles is thus, as in 


Example. 


The Angle at à is ſought. 


I. From the Hypothenuſe given 4 b, and gr 
| che 


* L * _ 


| 
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the fide þ c, oppoſite to the Angle fought. Let it .. 
be done in the firſt Circle. as t 


As the Hypoth. 4 b$To the Side ic So the Rad. ah 
| 5 7 7 IOoOOOO. 


To bc The Sine of the Angle at 4. whoſe Arch 
800ooe 53* : 8 is the Angle at à ſought. 


2. From the Hypothenuſe a b, and from the Side 
A c, adjacent to the Angie 4, fought. Make it in 
the ſecond Circle. | 


As * Side ac "2a the * ab * the Rad. a: 


I O©CDO, 


To 4 7 The Fecant of che Angle at a, whoſe Arch 
1666564 53*: 8, 1s the Angle at 4, ſought, 


. From 2 Sides given, the Angle at 4 oppoſite 
to the Side c, may be found: If you make it in 
the ſecond Circle. 


As the Side 2 c To the Side h So ac the Radius 


35 4 5 I ©0900. 
To he The Tangent ot the oppoſite Ang. to a, who ſe 
1333332 Arch 53* : >, is the Angle at « ſought. Ast 
| The Ratio is altogether the ſame, only changing, 
Sis 4 Angle at h be tought : For, { 
. From the Hypotenule a h. and the Side a c, let Sid 
it = done in the fourth Circle, | is t 
As the ram. 46 To the Side ac 2.50 the Rad. 4 i; 
33 I 00000, is 1 
To ac 1 The Sine of _ Ang e oppoſite to b, whoſe An 
' 60000 Arch 236* : 52 is che Angle at b, ſought. 


2. From the Weben 5, and from che Side 
b c, let it be in the third C ircle, ; 
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as the Side * To the Hypoth. a by So the Rad. 5 
"I I 00000. 


45 1 
To 4b c The Secant of the Angle at b, whoſe Arch 
1250002 36* : 52, is the Angle at h ſought. 


. From two Sides, the Angle at ö, oppofite to 
te Side ac is found, if 1 5 it in 2 third 
de Circle. „ „ 
in is the Side b c 470 the Side ac 2 So the Radius b c 

4 3 I ©QOOO, | 
To a c q The Tang. of the Angle oppoſite to h, whoſe 
7500oT Arch 367: 52, is the Angle at h ſought. 


h WV. In any Triangle, two Sides being given, with the 

Angle oppoſite to one of the Sides, to find the 
> Angle oppoſite to the other Side, by Theor. 23. 
1 of this, at Pag. 181. 


In the Triangle 2 bc in Fig. 85. From the Side 
[Wein 4b 34, with the Angle oppoſite to it at c, 
5 "pp let be 60˙: 23 ; alfo there is given the Side 
. | 
fe For the Angle at &: Say then, 

is the Side a b To the Side bc » So the Sine of the 
3 Jade = c 607: 23 
5 34, 13 2 86935. 

J. To the Sine of the Angle at , oppoſite to the 
t Side bc, which is 24475, whoſe Arch 20%: 10 fere, 
is the Angle ſought. | 

i Note, Here notwithſtanding we muſt mind, whe- 
ther the Angle be Acute or Obtuſe? Since the Sine 
is the ſame of both: Therefore alſo the kind of the 
e Angle ſought, ought to be known. 


'- VI. In any Triangle, from two $ ides given, and from 

an Angle contained by them : To find the other 
19 Two Angles, by Theorem the 24th, Pag. 181. 
| 0 The 
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The Phoceſs # thus. In Ez Eg. 34 | 


In the Triangle a b c. | 
One fide given, is the greateſt, - — 4 b—10. i 
Fnd the other fide given, is the leſſer, 4 66. 5 
The Sum of the ſides iS——— —_— the 

Ihe Difference of them is ————- —4 
The Angle at 4 given, is — 53“: 8 
The Sum of the emainers 125: 52. 

Ealf the Sum of this 8 2 26. 
The Tangent of this Half - ,— 199986. 


Then make it: 
As the Sum of the fides2 To the Differ. of deln 
16, | 43 
So the Tangent of the Half ba: the Tangent 
199936, | 49996. 
Of whick the Angle, or Arch, is 26%; 34. 
Which Subtracted from che Half, makes 36“: 
52 via. the leſſer Angle at. 
The Addition of the fame, makes 90˙: oc, vis 
the greater at c. 


Huberto of the Invention of Angler, om follows, 
The Finding of the S ides of Plant * 
T1714 NGEES. of x 


IH. Is 4 Right Angled Triangle, from two Sides gi. 2 
ven, to find the third. Fig. 84. the 


I. If the fides given be 4 c and b c, comprehend- b i 

ing a Rectangle, and the Hypothenuſe 4 6 is ſought. I As. 
And for Example, let 4 c be 6. £ 

And 5 c —_ — —8. 

1. Tn” 
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1. Take the Squares of them 36 and 5. ; 
The Sum of which i Ido. 
2, The Root of this Sum 10. 
Is the third Side @ ö, to wit, the Hypothenuſe. 


With the ſide b c— 8 


1. Take the Squares of them 100 and 64. 
2. Subtract the Square of the leſſer from the 5 
greater, and there Remains _ 


Its Root 6, is the Side ſought, 2 c. 


In the ſame manner alſo you may find the fide bc, 
fom the Hypothenuſe, and from the fide 4 c. 


o. 

6, 2. If there be given the Hypothenuſe, with one of 
6. Mic ſides ö c, and the fide a c is ſought. 
g' Example. 

: The Hypothenuſe 4 b— 10. 

6. 


VII. In a Rectangle Triangle, grven one Side and one 
36 Angle; To find the other Side. | 


In Eg. 84. The fides of the Rectangle Triangle, 
are, 3, 4, and 5. Then, 
1. The Hypothenuſe 4 6b is had from the fide a c, 
*, nud from the Angle 4 adjacent to it; if you make 
it in the ſecond Circle. : 


el s the Radius a c YTo@b, the Secant of the given 
Angle at 4.53* : & 


Jeg 166679. 
So the Side ac Ts the Hypothenuſe ſought, 
35 dro 


5g 2. The ſame Hy othenuſe a b may be found from 
the Side 4 c, and from the Angle oppoſite to it, at 
end: ö in the fourth Circle, if you make it: 
ht. As ac the Sine of the Angle I To the Radius 4 6, 
59995 e Ice. 
ae "TY O 2 — 
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So the Side given ac 1 To the Hypothenuſe a b ſought 


2. The Side bc is had from the Hypothenuſe 4) 
given, and from the Angle «, oppoſite to it, if you 
make it in the firſt Circle. =_ 
As the Rad. ab 10 bc the Sine of the Ang. a, 53: 5 N. F 

Io, 80003. "= _ - 

So the Hypothenuſe « b 1 the Side b c B 
I 4 9 


4. The fame alſo may be had from the Hypotte 
nuſe, and from the Angle b adjacent to it, if you 
make it in the third Circle: 


1 


As the Secant « b of the " the Radius bc 


I 


Angle at 6 36*: 52 


124995, Iooo00. 
So the Hy pothenuſe 40 ; To the Side b c | 
55 4. | 


5. Alſo either Side may be found, from one Side, 
and the Angle oppoſite to the ſame, if in the ſe- l 
cond Circle you make it: | E 2 55 
As the Tangent hc of the op- C To the Radius 40 Ma 

polzre Angle at 4 given 3 , 


123349, | 100000. WO” 
So the Side given þ c $ To the Side ſought 2c A8 
N 3. 


IX. From one Side given in any Plane Triangle, and Ip the 
from the tio Angles oppoſite to the given, and 
the fought Side, To Grd ther of the other Sides, Þ Thi 
by "Theorem 23, of Trigonometry, at Pag. 181. © Wh 


In Fig. 85. In the Triangle 4 b c, whoſe given Side 
is ab 34, the oppoſite Angle at c 60? : 23, WY Lea 


Angle at à oppolite to the other fought c 200: 10˙ 
& 


make it: IT 8 . 
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is the Sine of the Ang. c, 50⁵ũõ 23 I the Side 2 b, 
at 236935, 34 
o the Sine IF. the Ang! To the Side ſought h c 
ah at a, 20" 105 5 
YOu 34475. 


. 8 N. From three Sides known of any Plane T. angle, 
' To find the Segment of the greateſt Side, or the 
Baſes ; the Perpendicular falling from the . 
eſt Angle on the Baſe. Fig. 86. 


13 + 


he. MW 1. If the Perpendicular fall within the Triangle 
ou Nrhich it doth in any Ox1gonium., in Amblygoniums. 
ind ReQtangled ones, tis drawn from the Right 
Ingle, or the Obtuſe. | 


The Proceſs is hes: 


1. Aſſume the greater ſide h c 
2. The leſſer ſide 4 b— 
3. The Difference of both- 
4. The Sum of the ſides —— — 33. 
5. The Baſis, or the greateſt Side 4c 21. 


Make it then by Theorem the 25 th of Tri ono 
wry, at Pag. 182. 


As the Baſe or great- c To the Sum of the ſides 
eſt ide a c, } 


8 
1.3. 


— 7. 


21, 1 

and I the Difference ibs the Segment of the Baſe ce 
3 

des, This Abacted from the Baſe 21, leaves e a 10. 
ol. J Whoſe half fe or « f 


ide ls the Segment of the Baſe, which ſubtracted 121 
from the whole Baſe 2 c 


—_ — 


ares the other Segment of the Baſe 16. 
O 3 | | 2. It 
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2. If the Perpendicular fall without the Triangle, 
on the Baſe protracted, as happens in Ambligontun, 
it it be given from an Acute Angle: Proceed thus, 


In Fig. 20. In the Triangle & / n 


Aſſume the greater fide & / — 40. 
The leſſer file—— ——/ .——16. 
The Difference of both ————24. 
The Sum of the fides——— — ——36, 
The Bale, or greater ſide n, pro- 
tracted in o, receiving the Perpend. * 


RE. Then make it: 
As the Baſe & n $10 the Sum of the ſides 
32, 8. - _ 
So the Difference c To the Segment of the 
} Baſe protracted o 


Ad 


24, . | 42. 
From hence, take away the Baſe & m — 32. 
It leaves mm 0 ——— — — 10. 
Half of which Remainer 1 1. 5. 
Is the Segment of the protracted Baſe, receiving 
the Perpendicular / z. * | 


And in this * by means of the Perpendicular 
and of the Baſe, either True or Protracted, is non 
made a Rectangle Triangle, from an Obliquangle 
Triangle: Whence by taking away what is to be 
taken away, you have the Quantity of the Side, anc 
of the Angles unknown, in the given Obliquanglec 
Triangle. „ BY 
Of Spherical Triangles. 
XI. Same peculiar things requiſite 60 be Known i 
the Solution of Spherical Triangles. 

1. A Rectangled Sphzrical Triangle, with thre 


Right Angles, wants no Solution, for the 55 - 
| nglc 


part ll 


e 18 


W GC WIZ 6nd > <= ww» 


as 2 fy 


{ =$ | juin ODS 
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Angles, are known by themſelves ; and the Baſes of 
them are Quadrants of a Circle. 2. 443 

2. Nor that which hath two Right Angles, for the 
Sides oppoſite to the Rectangles are Quadrants: 
The third Angle may be either Acute or Obtuſe, 
the Meaſure of which is the third Side, in ſome 
meaſure always oppoſite to it; and is greater than 
2 Quadrant, if it ſubtend an Obtuſe Angle, but leſs, 
if an Acute: Therefore whether this be a third An- 
gle, or a third Side, tis given, for both are under- 
ſtood to be given, ſince this third Side is no other 
than the Meaſure of the Angle. 


3. For a Rectangle Triangle, with two Obtuſe 
Angles, you muſt Solve the Triangle oppoſite to the 
. with two Acute Angles : For from any 
three given, in either of theſe Triangles, you cannot 
be ignorant of thoſe in the other, fince the parts of 
one Triangle, are the Complements of the Parts of 
the other, to a Semicircle. 


4. For a Rectangle Triangle, with an Obtuſe and 
an Acute Angle, you muſt Solve a leſs Rectangle 
Triangle, oppoſite to the Acute Angle, which hath 

two Acute Angles ; and whatſoever they are in ei- 6 
ther of thoſe given, in the other you muſt needs T 
know, for the oppolite Angles are equal, and the acu:e = 
Angle is the Complement of the Ohtuſe to two Right 5 
Angles ; moreover the Sides are Complements to a | / 
Semicircle : As for Example. | 


If there be given to be Solved, the Rectangle Triangle bd c in 
Fig. 80, being Rectangled at 4, Obtuſe angled at 6 aud e; for it 
we muſt Solve the Triangle a bc, oppoſite to the given, from rae 
Angle d, in which the Angles at a and d are equal: The Sides 
4b and ac, are the Complements of the Sides b % and cd, to a 
Semicircle : And the Obtuſe Angles at b and c, are the Cotmplæ- 
ments of the Acute Angles at b and c : Therefore whatſoever 
Three are given ia the Triangle 6d c, they Three will lixewiſe 

be given in the Triangle a b c. But if we are offered a ReQain- 
gle Triangle c ed, to be Solved, which is Right Augled at d. 
"M4 - Votulc 
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Obtuſe at e, and Acute at c; for it, we muſt Solve the Triangle 
e d f, oppoſite to the Triangle e c d, from the Acute Angle c. 


. There remains then to be Solved in Rectanglel 
Triangles only, that which hath a Right Angle with 
two Acute Angles, whoſe Solution follows. 


XII. To Ręſolve 4 Rectangled Spherical Triangle gi. 
ven, with two Acute Angles. 


I. The Angles are to be found. 


1. From the Baſe of the Right Angle, or Hypo- 
thenuſe ; and from the Side or Leg adjacent to the 


Angle ſought : Make it thus, 

As the Radius to the Tangent of the Complement 
of the Baſe : So the Tangent of the Leg given, to 
the Sine of the Complement of the Angle ſought : 


For Example. 


In Fig. 89, In the Rectangle Triangle 2 6 c, the 

Angle at c is ſought. 

There is given the Baſe a c —————— 30®: 9 
Its Complement i —————59 :51 
The Tangent of this Complement is—1x72162,A. 
The Leg adjacent to the Ang. ſought, 6b c 11* : 34 
Its Tangent... 20466, B. 


Make it then. I 


As the Radius £ To the Tangent A $50 the Tang. B. 
1 ©0000, 7 172162. 9 20466. 


U 


Angle 209 ; 38 


To the Sine of the os: Complement 69: 22 
35238, 


Is the Angle at c ſought. || 
| | 2, Þo# ih 


nt 
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2. From the Baſe, and from a Leg oppoſite to the 


Angle ſought. 5 ; 

Make it, As the Radius, to the Sine of the Baſe: 
ſo the Secant of the Complement of the given Leg, 
to the Secant of the Complement of the Angle 


ſought : 


Example. 
Let's ſeek the Angle at a, in Fig. 89. 
Let the Baſe given be 4 305: 9 
Its Sine —. 


The Leg c b oppoſite to the Angle a—1 : 34 
The Secant of the Complement of it 498733, B. 


Make it then, 


As the Radiusc To the Sine AD So the Secant of the 
7 | c Complement B. 


498733. 
To the Secant of the 5 The Complement of which 


100000, $0227: 


Angle 66? : 28 23* : 32, is the Angle 4 
250498, _ ſought. 


2. From the Baſe, and from one Angle. 
Make it, As the Radius, to the Sine Complement 
of the Baſe ; ſo the Tangent of the given Angle, 
the Tangent of the Complement of the Angle 
ought ; s 
| Example. 


The Angle at c 7s ſought. 


There is given the Baſe a c — 30 9 

Its Complement is — 3 

The Sine of this Complement is 86471, A. 

The Angle at a 8 23” "In 

Its Tangent. 4350, B. 
4 Mae 


— — „ 


— — 5 


— 
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Ton TED rr ‚———— ——————— 


A cr rr 
As the Radius $ To the Sine A So the Tangent B 
looo 86471: F r 

To the Tang. $ Whoſe Arch is — —— 20? : 38 
37658. Its Compl. the Ang. fought 69 : 22 


4. From both Legs of the Right Angle. 
Make it, As the Radius, to the Sine of the Leg 
adjacent to the Angle fought : So the Tangent of 
the Complement of, the other Leg, to the Tangent 
of the Complement of the Angle fought. g 


Pr Example, we will ſeek the Angle at c. 
And let the given Leg be bc, adjoining to it,11* : 34 
The Sine of ĩt — — 20051, l. 
The other Leg 2 .' Ä wy 28%: 2 
Its Complement | 
The Tangent of this Complement is 187809,B, 


Make it then : 

As the Radius 1 To the Sine Ay So the Tangent B, 
Iocooo, 20051; 1 187809. 
To the Tangent Whoſe Arch —— —— 20: 38, 

| 55 the Complement of e "=D 
the Angle fought + ek: 


— —— 61 58 


37657, 


5. From an Anale, and from either Leg oppoſite 
to the Angle ſought. 1 | 
Make it, As the Radius, to the Sine of the Angle 
given: So the Sine of the Complement of the given 
Leg, to the Sine of the Complement of the Angle 
ſought. 8 


— . 


Example. | 
The Angle at a 7s ſought. 
And let the given Angle at c, be—— 69? : 22 
— oo 93585, A. 
The Leg oppoſite to theAng. ſoughr bc,11 : 34. 
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Its Complement — — 6. 


The Sine of it ·ͤ:ẽ-ͥ ͥœ.lD — 27969, B. 
Say then: 
As the Radius To = Sine A So the Sine B, 
TOO000, 93585 97969. | 


To eswe Ang . 28 
91684. Its Compl. "the Angle ſought 23 : 32 


6. From one Angle, and a Leg adjacent to the An- 

gle yp Fig. 89. 
Make it As the Radius, to the Secant of the gi 
ven Leg; So the Sine of the Complement of the An- 


5 gle gIVED, to the Sine of the Angle fought. 
F Example. 
B The Angle at C 1s fought. 
: Let the Leg adjacent be—=——-I1* : 34 
Its Secant —— — —— — 192973, A. 
8, The Angle given at 2 — 23 32 
Its Complement—— ——— —— —66 : 28 
8, The Sine of this Complement— — 91683, B. 
2. : Say then : 
As the Radius To the Secant A} So the Sine B, 
ite T0000, 102073 3 91683. 
e To the Sine. F Whoſe Angle is — 569 : 22. 
— 93583, The Angie 0 at e. 


"3 2 To Find the Baſe. 


1. From either Leg given, ant from an Angle ad- 


jacent to it. 
I Make it, As the Radius, to the Sine of the Com- 
* plement of the Angle given; ſo the Tangent of the 


[ts Complement 
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Complement of the given Leg, to the Tangent of 
the Complement of the Baſe * 


| Example. 
The Baſe a c is ſought. 

The Angle given at 2 is ——— : 32 
Its Complement —— —— —— 86 28 

The Sine of the Complement— - 91683, 4 
The Leg adjacent to the Angle given 45 * 
Its Complement- 50 

The Tangent of * — — 1675555 


— — — - 


Say then: 
As the Radius To the Sine A 18, the Tangent, B. 6 
Iooooo, 91683, | 187809. 4 
To the Tangent Whoſe Arch is— 51. 
172190, IIts Compl. the Baſe ſought 30 : 0g. x 
2. From a Leg given, and from an Angle oppoſit te 
to this Leg. 
Make it, As the Radius, to the Secant of the 
Complement of the Angle given; ſo the Sine of the 0 
Les * to the Sine of the Baſe — 0 
C 


For E ample. | 
| Ler's again ſeek the Baſe a c. 


And the Angle given at a iS— ——23® : 32. 
Its Complement ! —— 66 : 28. 
The Secant of this Complement—— 250449 A. 


The oppoſite Leg b c —— 2 I 
Its Sine — — —— 815 B. 
| Say then: 

As the Radius a the Secant A $ So the Sine B. 
I 0000G, 250449 3 20051. 


To the Sine FWhoſe Arch 39% : 9, is the Baſe A 
50217, T ſought. 1 55 
| 3. From 


* Spherical Tri angles. Z 20 $ 
. From both Legs groen. 5 


Make it, Fry the Radius, to the Secant of A 
Leg; ſo the Secant of the other LES, to the Secant 
of the Baſe. _ 


| The Baſe n a c 2s b ates in Fig 89. 

And the Leg given is a b ——— 28* : 2“ 
Its Secant 18 — — 113292, A. 
The other Leg c b ——-» ——II : 34. 

And its ScCantemmn.—— ——— 102073, B. 


Make it then: 
As the Radius 5 To the Secant A So the Secant B, 
| To0000, 1132923 102073. 
To the Secant 3 Whoſe Sine 30? : og 
115640, Is the Baſe fought. 


4. From both of the Acute Angles given. 
Make it, As the Radius, to the Tangent of the 

Complement of the former Angle: ſo the Tangent 
of the Complement of the latter, to the Sine of the 
CONS of the Baſe. 


E xample. 
Ler's ſeek the given Baſe a c. 


The Angle given of the former at c is 69 
Its Complement is — 20 3 
The Tangent of it is — 54, A. 
The Angle of the latter at a is —.— 23: 32. 
Its Complement is ———— 66 : 28. 


The Tangent of it —— 229619, B. 
= Say then, | | 
As the Radius * the Tangent A 4.50 the Tang. B. 
Iooooo, 376545 229619. 


To 


To the Sine Whoſe Arch is ————— 59“: 51 
86460, T And its Comp. the Baſe ſought, 30: 09 


III. The Sides are found. 


1. From the Baſe given, and an Angle . 
to the Leg ſought : If you make it, As the Radius, 
to the Sine of the Baſe ; ſo the Sine of the Angle 


given, to the Sine of the Leg fought. ; 
E 
Let's ſeek the Leg be in Fig. 89. 
The Baſe a c —— ——; 0 
Its Sine is — —— — 50227, 4 
The Angle given at a—————23 : 32 
5 Say then: 
As the Radius 8 To the Sine A yu the Sine B. 
Icoooo, 4 


To the Sine F Whoſe Arch 11%: 34 
20064, e Is the Leg ſought 5 c. 


2. From the Baſe, and from an Angle contiguous, 
or adjacent to the Leg ſought : Make it, L 
As the Radius, to the Sine Complement of 
the Angle given; ſo the Tangent of the Baſe, to the C; 
Tangent of the Leg ſought. 5 of 
Example. 
The Leg c bis ſought. 


The given Angle at à is —— — 23“: 32 
Its Complement is ———— — 66: 28. 


The Sine of this is. 61683, 4. | 
The Baſe 3c i.. — 230“ : 09 2 
—Z . ů , 


I. 


of 
the 
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3 Say then: 1 
& the Radius g To the Stet A, 2 So the Tangent B. 
100000, _ 91683; 58084. 


To the Tangent SWhoſe Arch — 28“: 2 
53253, (ls the Leg ſought, 2 b. 


3. From the Baſe, and either of the Legs - 
| Make it, As the Radius, to the Secant of the Leg 
given; ſo the Sine of the Complement of the Baſe, 
to the Sine of the Complement of the Leg ſought. 


— 
Ler's ſeek the ſame Leg a b. 


Its Secant is —— ——— ——— 102072, A. 
And the Baſe « c —30 : Oy 


Its Complement =— ——— 59 : 51 
The Sine of this is —— —— —— 86471, B. 


Say then: 
As the Radius 5 To the Seeant A, So the Sine B. 
L00000. 102073 ; 86471. 


To the Sine {Whoſe Arch is—— — 61: 58 
88263, Land its Compl. is the Leg, ab 28 : 02 


4. From one Leg, and an Angle adjacent to the 
Leg fought, ' 1 | 

Make it, As the Radius, to the Tangent of the 
Complement of the Angle given ; ſo the Tangent 
of the given Leg, to the Sine of the Leg ſoughr. 


Example. 
The Leg a b zs ſought. | 
From the adjacent Angle given at 4 239: 32 


The Complement of which is —66 : 28. 


The Tangent of this is———— 229619, 4. 
And there is given alſo the Leg 5 c—11 : 34. 

The Tangent of it is-— — —— — 20466, B. 

| | Say 
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Say then : 3 . 
As the Radius c To the Tangent A ; So the Tang. 3. 

100000, 3 229619; 8 20466. 

To the Sine & Whoſe Arch — 20 2 


46993, Is the Leg ſought, à 6. 


8 From either of the Legs, and from an Angle 
oppoſite to the Leg ſought : 1 
| © Make it, As the Radius, to the Sine of the Leg 2, 
given; ſo the Tangent of the Angle given, to the n! 


Tangent of the Leg ſought. 81 
Example. , = 
The Leg b c is ſought. XII 


And let the Leg given be 26 —— 28%: 2 | 
And the Sine of it — — 46999, A, 
The Ang. at a oppoſite to the Leg ſought 23: 32 0 
And the Tangent of it —— 43550, B. 
Say then: | 
As the Radius ; To the Sine A, : So the Tangent B. 
100 ο, © 46999; 43550. 
To the Tangent S Whoſe Arch „ 
20468, Is the Leg ſought. 
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6. From both the Acute Angles. 

Make it, As the Radius, to the Secant of the 
Complement of the Angle given, adjacent to the 
Leg ſought ; ſo the Sine of the Complement of the 
other Angle given, to the Sine of the Leg ſought. 


— — — — 
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8 Example. 
Ihe ſame Leg b c is ſought f 
Let the Ang. given, being adjacent at c be 69: 22 
Its Complement is Ä 20 38 
And the Secant of it i — 106854, 4 
The other Angle at a i ——— 23 : 32 


The Complement of which is —66 : 28 
And che Sine of this Complement nn 


; 6 0 no then: 818 . LEES 
„s che Radius To the Secant A? So the Sine B, 
1608, f 10683 % 5883. 

To the Sine ; Whoſe Arch o 9 gs 
97969, *2And its Compl- 11 ': 34 the Leg fought. 
| . f ie IJ SL „ £233 35 4 I'd! 


And there are yet more ways of finding all theſe 


things hitherto ſought, which you may ſee in Meti- 


1 or. in Bonaventure Cavallerius his Direclony, of. 
in his Trigonometry; and others: But theſe ſeem to 
8 to be ſufficient in this place. BE age 


2 


<P wa 


x11; To Solve an Obligue Spherical Triangle 

Oblique Angled Sphærical Triangles may be Sol- 
„ aby reducing them to Rectangles, by letting fall 
: kerpendicular Arch from the 5 of the Tri- 
ugle on the oppoſite and ſubjected Baſe: And this 
perpendicular Arch either falls within or without 


the Triangle, to wit, at the continued part of the 


Baſe, making the Oblique Angled Triangle into two 


kectangled Triangles : Whence Noting and Percei- 


ung the Solution of ReQtangled Triangles, you can- 
ne t be ignorant of the Solution of Oblique- 


ne ugled ones; for by Addition and Subtraction you 


ne my eaſily find whatſoever you deſire in adjoined 
Obliqueangles, eſpecially if you continue each fide 
b Quadrants, (and that at once or twice, if one 
continuation doth not ſuffice) and the whole Fi- 
fue be incloſed by a Quadrant; Where at length 


22, Ne Proportion will be found in the Complements 
7 ar the given, and the ſought. MLS 2h 
32 0. - Example, Fig. 90. 45 | 
28 ere is given the Oblique Triangle a b c, and 
B. 7 77. 3 1 5 


. I. The 
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Say then : 
As the Radius c To the Tangent A So the Tang, B. 
1 00000, 3 229619; £ 20466, 


To the SineS Whoſe Arch — —— 289; 2 
46993, Is the Leg fought, à 6. | 


= From either of the Legs, and from an Angle 
oppoſite to the Leg ſought : 
| Make it, As the Radius, to the Sine of the Leg 
given ; ſo the Tangent of the Angle given, to the 
Tangent of the Leg ſought. 


Example. 
The Leg b c is ſought. 
And let the Leg given be a b — 28: 2 
And the Sine of it — — 46999, A, 
The Ang. at a oppolite to the Leg ſought 23: 32 
And the Tangent of it — — 3550, B. 
Say then: 
As the Radius To the Sine A, : So the Tangent 3. 
I ©9000, _ 469993 43550. 
To the Tangent Whoſe Arch : 4. 
20468, Is the Leg ſought. 


6. From both the Acute Angles. 

Make it, As the Radius, to the Secant of the 
Complement of the Angle given, adjacent to the 
Leg ſought ; ſo the Sine of the Complement of the 
other Angle given, to the Sine of the Leg ſought. 


| Example. 
_. The ſame Leg b c is ſought i 
Let the Ang. given, being adjacent at c be 69”: 22 
Its Complement is———————20 38 


And the Secant of it i. 106854, 4. 
The other Angle at a iS—--——— 23 : 32 
The Complement of which is —66 : 28 


And che Sine of this Complement n, 


5 Say then: SLES 1 1 
„as che Radius5 To the Secant A? So the Sine B, 
190003, 106854. § 91583. 
To the Sine ; Whoſe Arch is 782: 28 | | 
97969, And its Compl. 11 : 34 the Leg ſought. 
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; And there are yet more ways of finding all theſe 
things hitherto fought, which you may ſee in Meti- 


, or in Bonaventura Cavallerius his Direclory, of. 
e n his Trigonometry; and others: But theſe ſeem to 
1s to be ſufficient in this place. 1 
VIII. To Solve an Oblique Spberical Triangle 
given. 1 
. | 


Oblique Angled Sphærical Triangles may be Sol- 
, u by reducing them to ReQangles, by letting fall 
' W:Pcrpendicular Arch from the Vines of the Tri- 
ple on the oppoſite and ſubjected Baſe: And this 
perpendicular Arch either falls within or without 


the Triangle, to wit, at the continued part of the 


Bale, making the Oblique Angled Triangle into two 

kectangled Triangles: hence Noting and Percei- 

ung the Solution of Rectangled Triangles, you can- 
he ut be ignorant of the Solution of Oblique- 
ne Iugled ones; for by Addition and Subtraction you 
ne my eaſily find whatſoever you deſire in adjoined 
- MWiiliqueansles, eſpecially if you continue each fide 
tb Quadrants, (and that at once or twice, it one 
Continuation doth not ſuffice ) and the whole Fi- 
ewe be incloſed by a Quadrant; Where at length 
22 Ie Proportion will be found in the Complements 
38 et the given, and the ſought. = 


LE Example, Fig. 90. + | 
| There is grven the Obligue 111angle ab c, and 


N it, 
| 1. The 
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£10 Problems of Geomerry. Part Ill 
I. The Angle al: dior $3 33 
4 4. The Angle at 6 i 187 b 
The Side 4 i 36 | 

Jo find the Reſt 3 
Let fall from the Angle at 6, a Perpendicular Arch, 


which let be 5 d, forming the Rectangle Triangle 
4 da, containing within ir another lefſer b dc. 


I. For finding the Leg bh d, fay : 
As the Radius 3 To the vine of rhe Side ab 15®: 1 
Hf.. 27452. | 


800 the Sine of the Angle at 2 23* 5 „ 39928 

Jo the Sine 5 Whoſe Arch — 6 18, is the 
10951, 2 Leg dd. a 

By Problem 12, Member 3: Num. 1. in Pag. 20 206, 


2. For the Leg ad, ſay, - 


As the Radius 7 — I00900, ip 
To the Sine of the Complement of the c 168 8⁰ 
Angle at a, 66“: 28 ————— 1 91022 ET, 


So the Tangent of the Side ab 15*: 56 28549, Ml i 
To the Tangent—.———. 261" By E 
Whole Arch 145: 20' is the 1 a d fought : By, 

- the ſame at Number 2. 


„„ „ Tor 206 Ames b d, /ay, Fr 
As the Radius 


100000. Ml Ta 

To the ng of 55 Complement of « It 

the Side ab 74 — — ein | 
So the Tang. of the Angle at 4 23* :-32', 43550. 
Jo the Tangent. 41879: 

| Whoſe Arch is 22% : 43', and its Complement As 

67: 17% the Angle 4 þ 1 wer To 

By Prob. 12, Memb. 1, Numb. 3, in Pag. 201. Ig 

4. For the Anale c b d, in Fig. 90. 4 To 

From the Angle found 4 b d 6717 WI 


Jake away the Angle given, 4 h 80 0). 
lt lea ves the Angle C b d = — i 18. 
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5. For the Side c b, the Baſe of the Right Angle 
at d, fay: | | 
As the Radius m— — 5 N IOoooo, 
rl, To the Sine of the Complement of 


le the Angle cb d, 78⁰ 1 | 98107, 
So the Tangent of the Complement of 
ue Angle b d - 83: 42,.—— 905789 
56 WM To the Tangent —— —— ——— 888642 
WW Whoſe Arch is 83* : 35, and its Compl. 6“: 25 
8 che Baſe cb fought : By Probl. 11, Memb. 2, 
e Numb. 1, in Pag. 199. | 


06, 6. For the Leg c d, ſay: 
bs the Radius — mn Wren I 00000, 


„ Lo the Sine of the Leg bd, 6* : 18' 10974, 
So the Tang. of the Ang. c bd. 11: 10 19740, 
To the Tangent ——— —— ————— 2166. 

„ MW Whoſe Arch is 1*: 14', and the Leg ſought c d. 
4- Wi; Problem 12, Memb. 3, Numb. 5, Pag. 208. 


7. For the Side ac. 
From the Leg 4 of — —„— 145 : 40¹⁰ 


o. Take away the Leg found c d ——0o1 : 14, 
g. It leaves the Leg or Side 4 c 1: 0 
0. 8. Fir the Angle d c b, ſay, in Fig. 9o. 


ment] As the Radius —— .. 0000000. 
To the Side 6 d, the Sine of the Com-? 6 

lement 82® : 4.2 — —— — 973905 
So the Sine of the Angle ch d 117: 10 19366, 


| 


IT, 


Fe 0 the Sine. ——— 19249. 


Whoſe Arch is 115: 6“ but the Complement 
8 e: 54, the Angle dc b. 
> T2. 9. For 
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9. For the Angle a c b. 


From the two Right Angles 1795-5 
Take away the Angle dc b — 78 : 54, 
It leaves the Angle a c — 101: 


Therefore in the Oblique Angled Triangle a bc, 
There is given, 
The Angle c a b —— 23?* : 32 


The Angle 2 6 c 8. 
The Side - 2 0 . 


1 
| 


There is found by the Perpendicular, 


The Angle ac b 101: 06' 
The Side ac 13 26. 
The Side -- - 6 b.——— 6 : 25. 


You may alſo proceed in the ſame manner in 


other Oblique Angled Triangles ; which often Ul: 
and Exerciſe will teach. 


Alſo you may uſe the Artificial Sines, Tangents, 
and Secants, if you pleaſe, inſtead of the Natural 


ones, which will ſhorten the Operations. 


The End of the Third Part. 
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"OF 


PART IV. 


Of Meaſ] uring the Length of Right Lines. 


THEOREMS. 

I Here cannot be given a Line ſtreigbier than 
L a Right Line. 
For a Right Line is like to it ſelf every where, 
from which it it err the breadth of an hair, it is not 
aRight Line. = | 

2. If a line be a Right Line, it will be alſo the 
ſforteſt between the ſame Terms. 

Hence *tis faid, Nature acts by Right Lines, which 
doth nothing that tends to long Circumſtances, which 
may be done by a nearer way. | 


3. Two Right. Lines do not contain a Space, nor 


conſtitute a Figure. | 

For if two Right Lines grow cloſer to each orher 
on one part, they always grow farther and farther 
aunder, (if they are produced) on the other part; 
nor will they ever Terminare, unleſs ſome third line 
be Joined, whence ir will be a Triangular Space, 
which is the firſt of all Right Line Figures. 
. 4. Iwo Right Lines have not one and the ſame 
Common Seement. | 

It muſt be underſtood of two divers Right Lines, 


and not of them which are ſo Joined, that they con- 
ſtitute one and the fame Right Line: For theſe may 
hare a common Segment, but being divers, they have 
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214 Problems of Geometry. Part Iv. 
not a common part, beſides one point in which they 
convene or meet. 

5. Iwo Right Lines meeting in one point, if bith 
are produced, they muſt needs cut each other mutual. 
ly in that point. „„ 

For unleſs it be ſo, they would run together into 
one line, and have a common Segment, and would 
not be any more two, but one Right Line. 


ds. a — i. 


= 


PROBLEMS. 
L s cut a Right Line given in the middle, that is, 
into 180 equal parts. Fig. 91. 

From the two 8 of the given line a and þ, 
with the Compaſſes at any Interval, yet exceeding 
half of the given line, deſcribe two Arches, cutting 
each other murually above and beneath, or on one part 
of the line only, but with divers opening of the Com- 
paſſes, as in the lines 4 b, and 6 c. 

A Right Line drawn thro' the points of Interſection 
of thele Arches, will cut the given line in the middle. 


II. From a Point given, to raiſe 4 Perpendicular 
Line. | 


1. From the Point f or , of the given Right Line 
4+, or b c, at which point the Perpendicular is to be 
drawn, cut off with the Compaſſes, equal parts on 
both fides, to wit, Fa, and F b, or g h and g . 

2. From the points of Section a and J, or b and e, 
deſcribe little Arches cutting each other, as you ie 
in de and h. 

3. Join the point of Section of the Arches d or h, 
with the given point / or g, to which the Perpen: 
4 is ro be drawn, and you will haye a Perpet 

licular to the given poim. 
Aicular to e gwen POT III. To 


kan) | ym" K ad we 
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V. \ 21 | 
hey III. To draw u Parallel to a. Diſtance gioen, of a 
| Right Line given. Fig. 92 _ 
oth ln the line given aſſume two points, ſomewhat re- L 
l. mote from one another: from which, with the In- 1 
terval of the given diſtance, with the ſame opening 
nto of the Compaſſes, deſcribe two parts of 4 Periphe- 9 
ud ry, then draw a line to the contact of the Pe- 
ripheries, and it wilt be a Parallel to the given line. CE 
As: IV. To find a third P roportional, to 7Ww0 Right Lines 5 
given. Fig. 76. 5 ET ö 
Let the two given lines be ae and b e, to which a : 
1 third Proportional is to he found: e 
! 1. Join the two given lines à e, and b e, at a Right Angle a e b, b 
and let ea be the Antecedent, which continue from the partie. | 
0, 2. Then join the Right Line à b, to which, from ö let fall the 


ng Perpendicular ö c, making a Right Angle at ö, with a b, it will 
happen on the continued line of ae inc; then ec will be the 


Is third Proportional line ſought, to the two given lines ae and b e, 

art and it will be, ASae tobe: Sobe to ec. 55 

m- | : EY 
V. Io find 4 part Proportional to three Right Lines 

ion ben Fig; 72. | | 

le. The three given lines are ae, ec, and ad, to 

which a fourth Proportional is to be found. 
a 1. Make cne line ac, of ae and ec, and let a d be appointed 


at any Angle. 
2. Join d e, to which from e draw the Parallel 6 c, interſecting 


ine the Right Line a d, prolonged in ö; and 4 5 will be the fourth 

55 Proportional: And it will be, 4s ae, toe c: So à d, to ds. 

OR VI. To find a mean Proportional to two Right Lines 
groen. Fig. 52. : 

14% The two lines are dc and c b, between which a 

lee mean Proportional is to be found. _ 

I. Diſpoſe the two lines given in one Right Line d 5. 

rh, 2. From the middle point 4, as a Center, deſcribe the half 

ell: Periphery d g b, whoſe Diameter is d b. | 

w_ | 3+ Frome to d b, raiſe the Perpendicular c g, cutting the pe- 


riphery in g; and c g will be a mean Proportional hetieen the 
lines d c and c : That is, As dc, toags So cg, to cs. 


Ja 2 4 „ 


236 Problems of Geometry. Part IV. 

VI. To, nd too mean. Propertionals t9.$wo:Right 
©. Barnes given. Fig. 93. 11 

4% and ac are two Right Lines, between which 

we are to find two mean Proportionalss. 


I. From a b and e make a Rectangle Quadran- 


* - 


gle,:a 6 cd, draw the Diagonals ad and hc, cutting 
each other in the, Center e. 
2. Transfer the Right Line 4, into the Right 
Line ac, continued beyond the Quadrangle, which 
let be #f 5, alſo continue. à b towards h, as far as 
needs. WM e 


23. Join the points f and b, by drawing the Right 


Line f b, from which take away the Diagonal b'c, 
from h even to g, but the remainer g take in c, 
to wit, from 7 ever to o. 7 5 1 Ul 5 75 5 : 7% Dan 
4. From o in the fame line af continued, aſſume 
again the Right Line 4g, which ler be 2. 
F. If you draw a Right Line from 7 through d, it 
will cut the line 4 continued in HY; and 7 and Y will 
be points equidiſtant from e, the Center of the 
Rectangle Quidrangle: Whence the Right Line 6 þ 
will be the ſecond, and c 7 the third Proportional, 
between the given lines ac and 2. And it will be, 
As ac the leſſer, to bh; fo the ſame bh, to ci; and 
ci, to the greater a b. | 

VIII. To meaſure the Altitude of any line, being Per- 

Pendicular to the Horizon. : 

Such are the Altitudes of Walls, of Towers, of 
Houſes, and of other Erect things; for the mzaiu- 
ring of which there are divers ways. 

1. By a Lookinge-elaſs, Mirror, or Speculum. 

r. The Looking-glaſs, or Mirror, muſt be placed on the Plane of 
the Horizon, over againſt the acceſſible line to be meaſured, 

2. To this the Meaſurer goes backwards and forwards, until he 
eſpies the Top of the line to be meaſured in the Looking · glaſs; 
which being done : ae 8 

As the Diſtance between the Meafurer and the Looking-g'265, 
to the Beight of the Meafurer Erctt, from his Eye to his Foot: = 


- 323 
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is is the Diſtance ' between: the Looking-glaſs and the Line to be 
meaſured, to the Altitude of the meaſured line; which Propor- 
go is n by the Golden Rule of Proportion, 


e By x Shadow: | 
1. The Sun ſhining, | Eredt 2 Rod or Rule of certain known feet, 
on ſome Plane. 
2. In the ſame es of F cet, take the length of the ſhadow 
which the Rod or Rule caſts, . 

\ Likewiſe in the ſame Moment of Time, take the engt of 
the ſhadow caſt by” the Altitude of the Thing to be. meatured : 
n 
As the ſhadow of the Rod, to the Rod: $9 the Matdow of tlie 
1 8 to be meaſured, to the height of the ſame. 


3. By any Rod or Ruler what ſocver. 


5 . Ereft the Meaſuring Rod of a known length, on a Plane 
over againſt the Thing to be meaſured. _ 

2. The Meaſurer muſt go backward from the Rod, until the 
Vifive Ray, from the Eye of the Meafurer, extend By the Top of 
the Rod, to the Top of the Thing to be meaſured. 

3. Meaſure one and the ſame meaſure of Space, on both ſides 
between the Meaſurer and the Rod, and between the Meaſuier 
and the thing to be meaſured; Then : 

As the Diſtance between the Eye of the Meaſurer and the Rod, 
to the length of the Rod: 

$9 alfo is the Diſtance between the Eye of the Meaſurer, and 
the TOE] to be meaſured, To the Altitude "of 08 Thing to be 


Meaſured. 
-X.0 T: E, 

The thing is the ſame, if to the thing it ſelf to 
be meaſured, you Erect Perpendicularly, a Perpendi- 
Calar on a Plane, that the ſubjected point may be 
approached unto, and the Meaſuser lying down on 
the ground, mult look by the Extream of the Rod: 
And it he ſtands erect, he muſt take only that length of 
the Rod which appears above the Eye: Or the Differ- 
ence between the Rod and the Stature of the Meaſurer, 
Irom his Eye to his Foot: And the Operation being 
done, to the Altitude found he muſt add the height 
of the Meaſurer, from his Eye to his Foot: Which 
Obicrvation takes place, not only in this, but alſo 
in che tollowing Ways of M leaſuring. 
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es Problems of Goometoy. Part IV. 
4. The Trigonometrical t ſoy 9 the Canon f Sirees 
ond indeed, if 


1. From one Station, if 2 may Abra wil © 
thing to be meaſured. Fig. 9 | 
The Tower to be meaſured | is b c, diſtant from the 
Meaſurer 200 Feet. 
I. Take by a Quadrant, or nuch like Inſtrument 
the Angles at b and a, one of which being given, che 
other is given alſo, if we Subtract the g1yen Angle 
| _ 90: And let the Angle at at a be 29? 405 JF 
60: 

2. Make it, As the Radius looo, to the Tan. | 
gent of the Angle at 2 569620 : So the Diſtance 2 1 I 
or dc 200 Feet; to the Altitude of the Tower be | 
Feet 113 224. : To which, if you add ec, or ad 
the height of the Meaſurers Eye, you will have the 
whole height 6 c. 


2. From two Stations, if the thing to be meaf ured 
be inacceſſable, Fig. 97. 


Let the ſame Tower b c be to be meaſured from 
the firſt Station d, and the other / 
1. In the firſt Station d, take the Angle abe 44* 


whole Tangent ae is 96569. : 
In the ſecond Station f, find the Angle 5g 7 be, 

605 25 ; whole Tangent g e is — 175556. n 
2. Take alſo the Diſtance between the firſt and 

ſecond Station d f, which let be Feet 90. c 


4. From the greater Ange ge 1755556. 
Take away the leſſer 2 e — 96569. 2 
The Difference of them is g 4 — 7898). ; 
5. Hence I collect the Diſtance unknown between 
the firſt Station, and the Tower, thus: 


As the Difference of the Tangents g a 78987 : To the { I} 
Tangent ae 96 569. 

So the Diſtance of the two Stations known, g 4 90 Feet, To the 
Diſtance a e of the firſt Station, and of the Tower unknown by 
ge 110 Feet. 1 


6. Theſe 


| 


leſs 


the 
own 


ele 


—— — — ——— 2 
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6. Theſe two Diſtances, 90 and 110 Feet, I join; 
ſo that the whole Diſtance hs the ſecond Saation 
to the Tower, is made 200 Feet. 


7. Then fay at laſt. 
As the greater Tangent g . — 175556. 
To the Radius — 92e — —TI 00209, 


So the whole Diſtance — ge Feet 200. 
To the Altitude of f the Tower 5 


the Eye, b E —— —— ——— 1 13 7 r 
To which add ec, or the Scature ofthe Meaſurer, 
from the Eye, g /, 


IX. Given the Diſtance between the Eye, and ſome 
Line eretted Perpendicularly, To find the H a 
pothenuſe. 

In the Station d, let the Hypothenuſe to be fourd be 2 ö. 

I. Obſerve the Angle at the Eye of mw Mealurer as 
Which is in Fig. 949—— 40 
Whoſe Secant is a b . 

2. The Diſtance given 4 e is s Feet —— 200. 

Say then : 

1 the Radius a e 100000, to the Sin ab 

115085, of the Angle at 4 29? : 40. 

So the Diſtance a ge 200 Feet ; To the Hypothe- 

nuſe a b 230 +17. 

( Thele 3 ſhew the lengths of Lad- 

ders to be uſed to Walls or Towers.) 


X. To meaſure a Line before us, projetted on 4 
Plane. Fig. 72. 


Among divers ways this is one: 
1. The line to be meaſured is e a : Then ſtanding 


in one of its Extreams e, leave there a ſign; advance 


in a Right Line, and at Right Angles, to ſome cer- 
tain Diſtance in d, and there again put ſome fign 


in d. 
| 2. This 
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21. This being done, Repeat the firſt Station at e, 

and from its Sign, go backwards to ſome longer di- 5 
ſtance, yet ſo that you always remain in the ſame 0 
meaſured line 4 &; and there likewiſe place a third N 
ſign e, and meaſure the Diſtance between c aud e. 


3. Then again turn your ſelf from c, according gl 
to the line ae c, at a right Angle, and go forward 80 
until the ſign placed at d, incur between thy ſight, 1 
and the extream of the line to be meaſured 7. 45 


4. Thar will happen at „: Then take away the de 
Interval d e from the Interval 6 c, that the difference 


f b may be had, me 
8 Then ſay: „ 
As Fb, the difference of the Intervals b c and de, In 
to the Interval c e, or d f. - 1 no 
80 de is to e a, the line to be meaſured. ha 
NO ITE: | 5 


If de be ſome Staff erected of a known length: PE 
b c the height of the Meaſurer, from Eye to Foot; FE 
F b, the ditterence between the Staff, and the height 
of the Meaſurer, from his Eye; c e, the diſtance be- 1988 
tween the Staff and the Meaſurer, the thing will be 
performed the ſame way. 

OR, 

If in de you ereQ a Kod or Staff from d, and 
take the Angle at a, you may make it, 

As the Tangent of the Angle da e, to Radius: 

So the length of the Rod de, to the line to be 
meaſured 2 c. | 

(In this manner the diſtances of Ditches, and of 2 
Rivers: Likewiſe the diſtances of the Poſicion of 
things to be looked at, may be meaſured. ) 


XI. To meaſure a Line declining downwards Per- 1.7 
penticalarly from the Eye. Fig. 19. 

The line 5 c is to be meaiured, by the Eye conſti- by 

tuted at h, falling downwards Perpendicularly. [ 


1. Note 


—— — — — 
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1. Note the diſtance of the point a, from the 

pay c, in the other Extream of the line to be mea- || 
2. Look from the point 6 to ac, and take the An- 
gle ba c : Then it will be, 

As the Radius, to the Tangent of the Angle hg: 
So the diſtance 2 c, to the line to be meaſured 6 c. 

By this Artifice may be meaſured the Depth of Wells, in which 
ac. repreſents the Diameter of them at the bottom; which may 
be had by the Diameter at Top.) 5 : 

But theſe, and ſuch like, which inſtruct to the 
meaſuring of things, are not learned rightly, but by 
daily uſe and exerciſe, and by the right handling of 
Inſtruments, eſpecially the Geometrical and Aſtro- 
nomical Quadrants, of whoſe make and uſ2 ſeveral 
have writ ; which the ſtudious in the Mathematicks 
ought not to want, for by this Inſtrument Angles 
are found ; which if we have, with one thing or 0- 
ther given, and a Canon of Sines, there is nothing 
almoſt but we may meaſure. 


Wen . 
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THEOREMS. 


9 H EF number ſhews the order of right line Fi- 
gures, as well of the Sides, as of the Angles, 
by taking away ttoo. "Ng 
goa Triangle is the firſt of right line Figures, con- 
raining 


SS 
— 
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taining 3 Sides, or 3 Angles ; from which, if we 


caſt away two, there remains one: The Quadrangle 
is the ſecond Figure, having 4 Sides and 4 Angles, 
from which, two being taken away, there renuains 
two. | 5 | 
2. All the Angles of any right line Figure, are 
equal to twice ſo many right Angles, as there is be- 


zween the right line Figures. 


So the three Angles of the firſt Triangular Figure, 


are equal to twice one right Angle, that is, two 


right Angles: And the Angles of the ſecond right 
' lined Figure, being Quadrangular, are equal to twice 


two right Angles, that is, to four right Angles , and 


ſo of the reſt. | 

3. All the Angles of any right lined Figure, are 
equal to twice ſo many right Angles, abating four 
right Angles, as it contains Sides or Angles. 


So the Angles of any Triangle are equal to twice 


3, Or 6 right Angles, 4 being taken away, that is, to 
two right Angles : The Angles of a Pentagon Figure 
are equal to twice 5 or 10 right Angles, abating 4; 
therefore together tis equal to 6 right Angles. 

4. The oppoſite Sides of a Parallelogram are equal 
between themſelves, alſo the oppoſite Angles are equal, 


and the whole is cut in two in the middle by the Di- 


agonal. 

5. In a Quadrate, and Rhombzs alſo, the oppoſite An- 
gles are cut in 1Wwo in the midd/e by the Diagonals. 

*Tis otherwiſe in thoſe that are longer on one 
part than the other, and in the Rhomboid. 

6. In the Quadrate, and that which is longer on one 
part, the Diagone/s are equal : In the Rhombis and 
Rhomboids unequal. See Fig. 2, 29, and 15, and 30. 

7. A right line cutting the Diagonal any how in the 
middle, droides alſo the Parallelogram in two in the 
middle, as the right” line e f in the Rhomboid, in 


Fig. 30. 
8 5. If 


— 
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8. If from any Angle of a Triangle, a right line be 
drawn Perpendicularly, it divides the oppoſite Side in 
the middle, alſo it will cut the Triangle in two in the 
middle. „ „ 
In Fig. 24. So as ec cuts the Baſe df in the mid- 
dle, it alſo cuts the Angle at e in the middle. 

9. If a right line be the Double of another right 
line, the Square of it will be Quadruple of the 
Square of that, and the contrary. | 
o the Square made from the right line 6 24 


Will be Quadruple of the Square of the right line c. 
And this Subquadruple of that. 


10. If in a Square, any Diagonal be drawn, the 


Square deſcribed from the Diagonal, will be the Dou- 
ble of the aforeſaid Square. Fig, 28. 

In the Square ab c d, the Square of the Diagonal 
a c, is the Double of the Square ab cd : for tis di- 
vided by the Diameter into two ReQtangled Trian- 


gles, and it is the Subtenfe of them, the Square of 


which is equaPFto the Squares of the Sides. 


11. The Square of the Diagonal of an Oblorg, or of 


2 Figure longer on one part, is equal to two Squares 
of the unequal Sides. | 


To wit, for this reaſon, becauſe alſo the Diagonal of the Ob- | 


long, divides it into two Rectangle Triangles. 

12. Among all Equilateral and Equiangular Fi- 
gures, only the Triangle, the Square, and the Hexagon 
can fill the place ; that is, 

In a Plane, they may be ſo fitted mutually between 

themſelves, that between the Angles of them there 
is no vacuity, but all of them conſtitute one Plane 
Superficies. „ | 

13. Ihe Area of any Regular Figure, is equal to 
the Reffangle contained under the Perpendicular, de- 
rived from the Center of the Figure to one Side, and 
gr the Half of the Ambit or Periphery of the fame 

gure. 5 
For in this manner Rectangled Triangles are con- 


ſtituted 
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ſtituted, one fide of which is the Perpendicular, j in- 
cluding the Rectangle, which multiplied into the 
half of the other, produces the Area z and that which 
is the Ratio of the Perpendicular, and one of. the 
Sides, is the ſame of all the other. 

14. Figures (which have equal Abit, or Finde 
ries, and of which the Terms taken together. are equal) 
are n of the Jame Capacity: But among thoſe whoſe 
S'des are equel in number, the Regular Figures. art 
ibe moſt capacious, that is, thoſe which are Equilate- 


ral and Equiangular : And among thoſe Regulars, the 


Niel lateral are the moſt e therefore the 


Circ/e is the moſt Capacious of all. 

Geometricians ſay, by how much a Figure is more Terminated, 
it is the more Capacious, and that is ſaid to be more Terminated, 
which hath moſt Terms or Sides: Hence a Circle is the moſt Ca. 
pacious, becauſe it hath, as it were, infinite Sides, and infinite An- 


gles, becauſe of the multitude of points, of which the Periphery 


conſiſts. eee 103, 104, 105, 106, 10). 
— a — — — — 


PROBLEMS. 


"Wop given Right Line, 10 deſer Te a Square. 
II BE, 23% .-.::- 
to make a Square upon the Right Line @ b. 


1. On the given line a b, from one of its Extreams raiſe the 


Perpendicular « 4, equal to the given line, that you may have 


two Sides of the Square to be deſcribed. 
2. From the point d, with the Iuterval d a, or a 6, deſcribe a 
ſmall Arch, and the like from the point 5, cutting the former! in e. 
3. Join the Right Lines bc and dc, and the Square will be made. 
= You proceed in the ſame manner alſo, in deſcribing an Ob- 
long Rectangled Quadrangle, only in railing the Perpeudiculars, 
the opening of the Compaſſes wpſt be accommodated to the un- 
equal lines given. 


II. Many Squares being given, either Equal 07 * 2 


equal, to make one Equal lo all. 
Let the Sides of 4 Squares be 4, B, C, D. a —ů— 


Act thus. Cr 


conti 
A 
(cul, 
in 4. 
4. 
tne h: 
5 
6. 
ge, de 
CONLL 
"Th 
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— 


Of Superficial Planes. 225 


| Eg. 108, To the line ef, equal to A, raile a Per-- 


pendicular e g, equal to B, and join Fg; to which 
again raiſe a Perpendicular g Y, equal to (, and 
draw F h: Then, to f þ raiſe the Perpendicular Y i, 
equal to the Right Line given D, and draw 5. 


The Square made upon Fi will be equal 19 the 


four Squares made upon 4 B CD. 


III. To make a Square equal lo a given Triangle. 
ig. 109. VVV | 
The given Triangle is a c b, equal to which a 
dquare is to be made. | 

1, Continue the Baſe ah from the part à towards h. 

2. By the oppohite Angle c, make a Parallel to 6 4 
continued to h, which is 7 e c. | 

3. By the Angle at A, erect a Right Line Perpen- 
macular ro the Baſe, which is e 2, cutting the Baſe 
in 4. | | 
4. Cut the Bafe a b in the middle in d, and ſet 
tne half a d, from @ to . 

5, Cur Fe in the middle in g. 


6. From g as a Center, with the Interval g f or 
ge, deſcribe the Semicircle he, which will cur a 6 
continued in h. | | 5 
The Square made upon 4%, will be equal to the 
Triangle a c b given. 


W. To make a Square equal to any Retilinear i- 


gure given, whether it be Quadrangular or 
Mult angular. 


I. Reſolve the Rectilinear into Triangles, to wit, 


y drawing Right Lines from each ot the Angles 
nto the Reſt, _ 3 VV 
2. Then by the Antecedent Problem find tlie Sides, 


whoſe Squares are equal to theſe Triangles in Order. 


3. Then by the ſecond Problem, wake a Square 
qual to all the Squares of rhe Sides, wiick will be 


— 
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ſtituted, one ſide of hich is che Ferpendicular, in. 
cluding the Rectangle, which multiplied into the 
half of the other, produces the Area; and that which 
is the Ratio of the Perpendicular, and one of. the 
Sides, is the ſame of all the other 


14. Eigures (which have Equal Ambits) of Periphi. 
ries, and of which the Terms taken togetber.are.equal) 
are no of the ſame Capacity s But among ' thoſe whoſe 
Sides are equal in number, the N Figures: are” 
that tobjch: 55 Eguilote. 


1b moſt capacious, that is, 
ral and Equiangular And on. thoſe 22 the 


af (10S, > er ty 


Geometricians ſay, by hom much a 1125 is more el, 

to be more Terminated, 
which hath moſt Terms or Sidos: Hence à Circle is the. moſt! Ca 
pacious, becauſe. it-hath, as it were, infinite Sides, and infinite An - 


: gles; becauſe of the multitude of points, af which the Periphery 
counts. e eds de es, 103,104, 105,106, io. 


n me & + 
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ages a given Right . Line, to F/ gere a 2 Sp guare 
| Fig. 28. 
Jo make a Square upon the Right Line # b. 


1. On the given line a b, from one of its Extreams raiſe the 


Sk Ten 


. perpendicular 4 d, equal to the given line, that you. may have 

two Sides of the Square to be deſcribed. 

2. From the point 4, with the Iuterval d 4 or 4 b, deſcribe a 
ſmall Arch, and the like from the point cutting the former in e. 


3. Join the Right Lines bc and dc, aud the Square will be made, 
You proceed in the ſame manner alſo in deſcribing, au Ob- 
9% Rectangled Quadrangle, only in raifing the Perpendiculars, 


the opening of the Compaſſes muſt be accommodated to 192 un- 


equal lines given. N 


II. Many Squares being given, eit her E gal. or Un 
Ec ua, to make . one Eqizal to Wh: 


let the Sides of 4 My be 4, 670 b. 5 8 8 


; Fig. 108. 


part v. | 


conti 
* 3. 

(cul: 

in az 


wh oſ 


3.— 
qual 


> > TD Io rrren_—_ 
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| 
bur Squares made upon 4.B CD. | 
| Il. To make @ Square equal to a given Triangle. 
The given Triangle is 4 c b, equal to which a j 


Square is to be made. Hae: „ 

1, Continue the Baſe 2 b from the part a towards h). 
2. By the oppoſite Angle c, make a Parallel ro b 4 
continued to Þ, which is 7 ec. = 

3. By the Angle at A, erect a Right Line Perpen- 
cicular ro the Baſe, which is e 2, cutting the Bale 
I 4; ; £2 | 
_4. Cut the Bafe a b in the middle in d, and ſet 
the half a d, from @ to f.. SR | 

5: Cur Fe in the middle in g. „ 9 
6. From g as a Center, with the Interval g f or 1 
re, deſcribe the Semicircle he, which will cut a 5 1 
continued in h. | 


The Square made upon  þ, will be equal to the | 
Triangle a c b given. | | 

WV. To make 4 Square equal to any Reckilineur Fi. { 
gure given, whether it be Quadrangular or j 

| Multangulur. 5 | 1 
.J., Reſolve the Rectilinear into Triangles, to wit, | 
by drawing Right Lines from each of the Angles | 


ito the Relt, bs EE Ms 3 

2. Then by the Antecedent Problem find the Sides, 
whoſe Squares are equal to theſe Triangles in Order. 

3. Then by the ſecond Problem, make a Square 
equal to all the Squares of the Sides, waick wilt be 
. „ Q equa, . 
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equal alſo to all the Triangles, and conſequent! 
will be equal to the given Figure; for becauſe a 
the parts taken together is equal, it alſo agrees to 
the whole. | „ = 
V. To increaſe or diminiſb d'given Square in an 

Multiplex Proportion, Fig. 666. 
I. Let be and ab be the Sides of a Square to ba 
increaſed. 5 
Then having produced one Side of the given Square 
to be increaſed hc, from the other Extream of the 
Side a, draw the Diagonal à c, which will be the 
Side of a Double Square, or a Square as great again. 

2. Apply this Diagonal to the produced Side, it 

makes þ d : Again, draw from «a, the Tranſverſe Line 
a d, which will be the Side of a Triple Square, or 
three times as great. 1 | 

3. Place this Tranſverfe Line a d on the produced 
Side, and to its Extream make another Tranſverſe 
Line from the former point a, which is a e, and you 
will have the ſide of a Square four times greater. 

And thus you may proceed to Quintuple, Sextu- 
ple, Cc. in infinitum: And likewile you may dimi- 
niſh, by returning back again: For Example, if from 
the Side of a Sextuple Square, you make a Trant- 
verſe Line, you wil! have the Side of a Quintuple: 
If from the Side of a Quintuple you make a Trant- 
\erfal, it will be the Side of a Quadruple Square, 
and ſo on: Altogether in the ſame manner as is ex- 
plained before, tor the increafing or diminiſhing ot a 
Circle, whoſe Figure alſo ſerves here, if, as is ſaid, 
from two Semidiameters of a Circle you make 2 
Square. 


VI. To make a Table of Multiplication of Squares. 


It you make the Radius ot Side of the firſt Square 
of 1co parts, io that the Square of it be 10000 0 
the ſame parts, and then double this Sum, Triple, 
IP Quadruple, 
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I Quadruple, Qu:ntuple it, you will find the Roots of 
Lach Multiplex, proxime, and acquire the Sides Mul- 
tiplex of the fame, in parts of which, the Sides of 
ö JJ 4 
A Canon of the Sides of Squares, in Parts 10000, 
il | Meaſures. | Parts. | Meaſures. | Parts. | 
, a. 
f 2% 1] F- 
: 2 ” | 203 
a m__ 7 9 04 | 
. Pp CC 31 | 
[1 19 Be | | „„ . 
e Thus you may increaſe this Table as far as you þ 
r pleaſe. 985 0 
1 VI. From the Side of any Multilateral Regular, con- I 
e ſiſting of Parts 100000 , To. find the Perpendi. j 
cular falling from the Center of the Eigure 10 bi 
ene Side. „ bi 
1. The whole Circle being of Parts 250, divide \ 
by the number of Sides, of the given Multilateral Re- — 
gular. 3237 „ 7 
2. Take the half of the Quotient, which is the l 


Angle of the Figure, and the Complement of this 


half to a Quadrant. | „ 1 

3. Find the Tangent of this Complement, and 1 

make it, AS the Radius, To' half of the given Side : F 

do the Tangent of the Complement of halt the Quo- q 

tient, or of the. Angle of the given Figure, To the ] 

Ferpendicular ſought. — .. | 
Example. 


g | Groen an Equilateral Pentagon, whoſe Per pendi- 
are ar is to be found. yo OO 
of | The Parts of the Circle are 360*, 
le, | Divided by the Number of Sides —— 12 


le, | Froduces in the Quotient . —= 72. 


Q 2 Ine 


- 


228 - 
The half of this is — —— — -— 36, 

Its Complement to a Quadrant is ———= 54, 
The Tangent of this Complement is— 137638, 
The Side of the Pentagon in Parts 100000, 
The half of it— = ——50000, 


* yy 8 e 
22 —— 
J - 


: Say then 8 


Radius the Side of half the Quotient 
Iooooc e Food: 137638. | 
Io the Perpendicular 68819. 

In this Proportion alſo you may find a Perpendi. 
cular to any Side given in other Numbers. 


VIII. To nd the Ares of aRettangled Qradrangle, 


We meaſure Areas, by the Superficies of any 
Square meaſure : Therefore in a ReQtangled Qua. 
drangle, the Length drawn into the Breadth, being 
eſtimated by a certain meaſure z the Product will be 
the Area of the given Quadrangle : 


Example, 
A Plane whoſe Length is 40 Feet, and its Breadtl 
20 Feet, the Area will be 820 Square Feet. 


IX. To ind the Arca of a Reflangled Triangle. 
Since every Rectangled Triangle is the half of 
that Rectangled Quadrangle: Therefore of the Legs 
comprehending the Right Angle, draw one into half 
the other, the Product is the Area of that Triangle: 
Or draw one of the Legs into the other, and the 


half of the Product will be the Area of the Triangle. 


K. To find the Area of an E quilateral Triangle. 


7. Take the Square of one Side. 
2. Multiply that by 13. 


3. Divide 
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2. Divide the Product by 30; the Quotient is the 
Area of the given Triangle. 

Note, Becauſe an Equilateral Triangle, whoſe Side 
ſquared i is 1, hath its Area 43 ; tis juſt ſo, as if by 
the, Golden Rule of Proportion, you — 

The Triangle, the Square of whoſe Side 1 is 1. 


Contains in its Area — 2. 
What will a T riangle | contain, whoſe : 1 
dide ſquared is ——— -— 5 < 


The Operation being performed, it produce = 5 
That is, 10 34, or 104. 


XI. To find the Area of any Triangle, Fig. 20 
and 24. 
LW AS. .: 772 


1. Find the Perpendicular falling from ſome 45. 
de to the Baſe, either true or protracted. 

2. Draw this Perpendicular into half the true 
Baſe ; or on the contrary, draw the true Baſe int 
half this Perpendicular, and the number produced 
will be the Area of the given Triangle. 


A. Fig. 83. 


i. Collect the three Sides of the given Triangle, 
wich are, for Example, 10, 17, 21, into one Sum, 
ad they make 48. 

2. Take the half of the Sum, which! is— 2% 


My have the three differences, 14, 7, 3 
4. Multiply continually exch into the Half, to 


Wit, 14 into 24, whence is made 326 ; then 7 into 


136, whence is produced 235 2: Laſtly, 3 into 2352, 
hence is made 7056. 


5. The Square Root of this laſt product, to wit, | 


©, is the Area of the Triangle. 
Q 3 III. 17 AT 
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3. From this half ſubtra& each Side, that you 
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III. WAL by Trigonometry.. 


From two Sides. given, arge an Angle eee by then 
in this manner. 

I. Take the right Sine of the given A 5 

2. Multiply the two Sides comprehend; 16 this 
| a and = given, in themſelves. : _- 
Take half the Product, and ſay, As the Radius 
To the Sine of the Angle Siyen: So half the Pro- 
duct, To the Area ſought. ..... | 


XII. To find the Area of a "IM Fig. 29. 


Draw one Diagonal into the other, and half the 
Product will give the Area of the Rhombus. 


XIII. To find the Area of a Rhomboides. Fig. 30. 


From ſome one Angle draw a Perpendicular to the 
greater fide, multiply it into the whole tide, ang | it 
will produce the Axea of the Rhomboid, 


XIV. To produce the Area of a Trapezi zum, whether 
Refangled or Oblique Angled, having two $ ides Pa. 
rallel. Fig. 25. 
Draw the Sum of the two given Parallel Sides 
into half the Perpen dicular, the Product 18 the 
Area fought. 
| Example 

Add e 15, and 2b 10, they make 25, multiply 
a by half the Perpendicular 55 it makes 125, the 

red. | | 


XV. To find the Area of a Multilateral Regular 
i Ire. 

Multipl y half the Ambit into the Perpendicular 

drawn from the Center of the Figure, to one Side. 


Example. 


A Pentagon i is to be.meaſured, hoſe Bs cn 
ar 


TE. 
4 - 4 
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lat contains of a certain known meaſure of Parts 4. 
Any Side hath of che ſame. Parts 
So that the Ambit or Sum of the Sides make 30. 


—6, 


The Half of which is. 15. 
hich drawn into the Perpendicular - 4. 
Produces the Area —— —— Gai; 


Which may alſo be produced, if you draw the 
Sum of the Ambit into half the Perpendicular': And 
how to find the Perpendicular is * at the 17 
Problem, at Page 227. 


XVI. To find the Area of 2 Mult UTE Irregular 
: Figure. . 

Divide the Figure as Compendiouſl: as you can, 
either into Quadrangles, or into Rectangled Trian- 
ples, of which ſeek the Area of each, and add them 
into oneSum ie will make the Area of the whole 
Figure. 


XVII. To divide 4 a into . Parts, meet- 
ang in one Angle. Fig. 111, _ 

1. Divide the Baſe ac of the Angle b, from which 
you defire to inſtitute the Diviſion, into ſo many 
parts as the Triangle is to be divided, as in this Place 
into 3, ad, de, e c. 


2. Join the points of this Divifion by Right Lines 


7 


with the Fs: 2 as db, e b, and the Triangle will be 


divided into three equal Parts. 


XVIII. To divide a Triangle into three or more Par ts, 


{+ that the Lines of Diviſion meet not in one 


Angle. Fig. 112. 
Let the Triangle be a b c, to be divided into three 


equal parts : From the Bale 2 c, firſt cut off a third 


part 2 d, and join it with the point 6, by the line b: 
Again divide this line b 4 in the middle in e, and 
draw the Right Line ec, and the Triangle will be 


divided, as deſired. 
Gs: XIX. 1. 
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XIX. To divide a Triangle into 2 or 3 equal Porti. 
9s from ſome given point, ſo that that point 
being aſſumed in any Side may be common 10 
CCC Fig x2, ) 199: Sf 00 
Let the Triangle be # þ c, to be divided from the 


point ę into three equal parts, ſo that the point g, 


may be common to all, and that there may be ac- 
— . 7 8 
1. Divide the fide ac in which the point g is po- 
ſited, into ſome 17 parts; for Example, into three, 

bea, “! 
2. From the point g, draw a Right Line into the 
oppoſite Angle 5. 3 i 
3. From h and i draw two Parallel Lines Yi 
parallel to g h, even to the Sides of the Triangle 20 c. 
4. Join the Extreams & V with the given point g, 
and ſo the Triangle will be divided into three equal 
UU — as 
XX. To divide a Parallelogram in the middle by any 
given point, ſo that the dividing line may in. 

clude that point. Fig. 114. © . 

divided into 


The Farallelogram abcd, is to be 
two equal parts by the point e. 

1. Draw the two Diagonals a d and 6 c, that their interſection 
may ſhew the Center o. 55 | 


2. By this Center and the giyen point e, draw another Right 
Line, which will divide the Parallelogram in the middle by the 
Coe: ARCS. 
XXI. To divide any Regular Figure into as many 
Parts as you freaſe. Fig. 1157 | 


Circumſcribe the Circ igu 


e of the given Figure, which divide into 
the given parts; in the ſame manner alſo the inſcribed Figure will 
be divided, by drawing Right Lines from the Center to the 
points of Section of the Circle. 8 = 
XXII. To divide any Irregular Figure in the Middle. 


Let any Irregulir Oblong Figure be to be divided into two 
equal parts, according to the Breadth. 


1. Divide it iuto two parts whatſoever, equal to one another 
by Eſtimation. FS WE i:-+ 1 | 


2, Mea- 
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2. Meaſure. both, and if you find them unequal 3 for Example, 
dne of 26 56 Square Perches, the other of SquarePerches 2592. 
3. Take the Difference of the Perches 64. ES 
4. The half of this Difference 32, muſt be taken from the grea - 
ter part, and added to the leſſer. 735 
e 7. | Then meaſure the line which divides the Figure by Eſti- 
mation according to the Breadth, and let it be 46 Perches, and 8 


= 
4 


. v--F 


. Then ſinee if I add ta the leſſer part of the Parallelogram, 
one Perch in Breadth, and 46 Perches and 8 Feet in Length, it 
will make it greater than juſt, for it wanted only 32 Perches: 
Therefore we ſhall find the true part to he added, if we ſay: 
If 46 Perches and 9 Feet give 1, what doth Perches 32 give? 
Or if 458 Feet give 10 Feet, What doth =—_—_ 320 give? 
Anſwer, 6 Feet 8 Inches, that is, the Perch of 10 Feet, being 
divided into 10 Feet, and a Foot into 10 Inches or parts. 7 
Wherefore if you conſtitute a Parallel line, diſtant 
from the former line of Diviſion 6 Feet 8 Inches, 
towards the leſſer part, it will divide the Figure 
propoſed into two equal parte. 
By the like manner of working we may cut off a 
third part, a fourth part, or any other part, from 
any propoſed Figure. „ 


f Land Meaſuring. 


F ROM theſe Rules of Meaſuring of Areas, 
1 (which I have briefly run over, becaule the 
Fundamentals of them are already delivered before) 
depend Land Meaſuring, and Meaſuring and Divi- 
ding of Fields, which 'was firſt found out by the 
Fgyptians, afterwards the name of Geometry was gi- 
yell te Iii or 

2. Of this, ſome make a peculiar Diſcipline, whic 

notwithſtanding may conveniently be included more 
generally; that is to ſay, which teaches ro meaſure 
the Areas of Plane Figures, whether of Fields, or 
any other Space. I 
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3. The famous or common Meaſüre ( as *tis cal- 
led Y which Land Meaſurers are wont to uſe, which 
in-Germany is 16 Feet, ar a Perch divided into 16 


Feet, but here in England, according to a Statute; 


2 Pole or Perch contains 16 Feet and an half. 
4. The Ratio of theſe, which is Multiplication 
and Diviſion, is Treated of before in Civil Arithme- 
c 55 


FJ. Where alſo we ſuppoſe enough to be ſaid con 


on: The Sum of which is, i 8 

1. Feet multiplied by Feet (for in meaſuring of Land they 
ſeldom deſcend to Inches) produce ſquare Feet. | 

2. Feet multiplied by Perches, produce Perches a Foot vte. 

3. And as 16 ſquare Feet and an half, make-one Perch a Foot 
broad, So 16 3 ſuch Perches a Foot broad, make.a ſquare Perch. 

4. Which ſquare Perches alſo are produced; if you multiply 
Perches by Perches; of which 150 make an Acre of Land here in 
| England, and 150' in Germany. " "= ; os 

6. Note, In the meaſuring of Fields that are 
not acceſſible, that about thoſe kind of Fields *tis 
uſual to conſtitute an Oblong ReQangle ; to be 
meaſured in the ſame manner, as if this which. is aſ- 
ſumed did belong to the Field to be meaſured: But 
afterwards from the ſides of this Oblong, Perpendi- 
culars muſt be fouhd to each Angle of the Field to 
be meaſured, which Exceſs, whereby the Circum- 
{cribed Oblong Quadrangle is greater than the Area 
of the Field, will be cut into leffer Triangles, or 
Quadrangles, the Area of each of them being added 
into one Sum, and that Sum being taken from the 
ſame Circumſcribed Oblong Quadrangle, that which 
is the Remainer, will be the Area defired of the 
Field to be meaſured. _ 8 
7. But if in the Circuit of a Field ſome Portions 
ate Crooked, and not Right Lines, thoſe muſt be cut 
into ſo many parts, until they differ but little from 
Right Lines. e 55 


cerning the Kinds or Species ariſing. by Mulriplicati- 
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The other things to be obſerved in the meaſuring 


of Fields, are learned more by Uſe than by Fre- 
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Of the Dimenſun or Meaſi uring of Solids. 
I THEOREMS. 


. F Re ular Plane Bodies, which are more Sim- 
7 ; 


ple, or Plane, and alike, there are only Five : 


that is, I. The Tetraedron. 2. The Oflaedron. 3. Ihe 


Dodecaedron. 4. The Iceſaedron. 5. The Cube. See 
Fg. 46, 47. 48, 49, 50. 2 


And indeed all Bodies may in ſome manner be 


ſaid to be Regular, which conſiſt of Superficies, be- 


ing either all or ſome of them Uniform and Equal, 
to wit, in reſpe& of Irregular, which have Superfi- 


cies wholly unequal and deformed : But by Euclid, 
Regular Bodies are ſaid to be thoſe which are moſt 
imple, and alike, containing e Sides and eqnal 
Angles : Equal between themſe 


Cone, Sc. 1 

2. Theſe are called Platonich Bodies, by Plato in 
Timęus; which are named moſt ſimple by Ariſtotle, 
the five Bodies of the World, that is to ſay, Heaven, 
Fire, Air, Water, Earth, which he likens or com- 
% Flo ang Þ Ps Pares 


\ 


ves, ſince all others 
conſiſt of Superficies that are divers, and unlike, 
as, The Pyramid, The Priſme, The linder, The 
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pares to theſe five Bodies; even as Ariſtotiès Sen- mt 
rence is received of Plato: But in what manner, = 
from the more plauſible Sentence of the Pythago- 

riant, John Kepler, with the Applauſe of Michael 8 
Mæeſilin, our Maſter, hath built the whole World 110 
of them, as may be ſeen in his Coſmographical My- 
ſtery, and Harmony ef the Ilor leo. 
And that therg cannot be more th n fiye of Nec = 
kind of Regular Bodies, Geometricians demonſtrate 

at the end of the Thirteenth Book af Euclid, as you 

way Jec. . G 
2. Of Giblous Bodies, ihe moſt. Regular and Per. © 
fe, is the Sphere or Globe. 1 


This Body hath the moſt, and thoſe the moſt excellent pro- al 
perties, ſome of which we ſhall briefly touch upon. = bs 
I. Therefore a Sphære is one, and the moſt Sim- A 
ple among all Figures, conſiſting of one Superfjcie ſr 
cey wacc alk © ir Rl, ITS OT: 1 
2. *Fis alſo Firſt or Chief, becauſe *tis begat of Ts 
of no other Figures, neither is it begat like other tl 
Figures, and it'performs the points and place in the 3 
om. Tom: + - e 
3. Since it Terminates all other Figures, it ſelf is if 
Ferminated and defined by no other than by its own N 
az inte it if. U 

4. Other Figures want many things beſides them- 1] 
ſelves, the Sphære depending only on it ſelf, re- * 


quires nothing befides ir ſelf, which is not in it. 
5. In every Sphære are three things; the Center, 
the Superficie, and the Equality of Interval or 
Space; of which, one being denied, the reſt fall to- 
g ether, and are diſtinct between themſelves, and one 
is not without the other, yet all make one Sphari- 
e Moy 
6. The Center is, as it were, the Origine of the 
Sphære, from which the Superficies is underſtood to 
proceed by à number of infinite Right Lines, com- 
8 munica- 


92 * SF 
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municating themſelves to every part of the World, 


according to the Equality of Intervals. _ | 
J. And although the Center is inviſible in it felt; 
yet it ſhews every where the moſt Equal flowing of 


the Superficie; by means of the Equality of Space: 


8. Therefore the Superficies is the Character and 
Image of the Center, and as it were the gtory at it, 
and the way to it; and he that ſees the Supetficie; 
he alſo in the ſame manner. with it ſees the Center,” 

9. And the Interval or Space reſults trom the 
comparing of the Center with the Superficle, and ic 
ſhews the Profundity or Depth of the Figure. | 

12: Spheres, as they are the moſt Capacious of 
all Figures, ſo are they rhe Recepraeles of all others, 
but principally of the five Regular Budies, whoſe 
Angles reſt upon the Extream Points of the Sphe- 
rical Superfictss; the other Bodies are extended by 


the Interval of its Amplitude, and are ſuſtained in it. 


He that attentively conſiders theſe, and ſuch like 
things, may underſtand, not obſcurew, vrhatfoever 
is the adumbration of rhe Myſtery of the Holy Tri- 
nity in one Divine Eſſence; and think with himſelf, 
if ſuch things have place in Corporeal Things, and 
Mundane Affairs, that the like kind which Holy 
Writ delivers concerning this Myſtery in Spiritual 
Things, and purely Divine, are infinitely Sublime, 


and cannot be denied by Anti-Frinitarians: 


3. The ive Regular Bodies approach very near to 
the Perfettion of the Sphere. | 

For, 1. As the Sphere is the meſt Simple, becauſe 
tis incloſed by one Term, that is, of it felt, and all 
its points are equally diſtant from the Center: So 
the five Regular Bodies have all Plane Sides and An- 
gles, every one equal both in Kind' and: Magnitude, 
which is Simplicity: From which it neceſſarily fol- 
lows, that the Center of alb their Planes is alto 
zqually diſtant from the middle, foraſmuch as ther 
| | being 


— 


being inſcribed in a Globe, all the Angles touch the 
Superficies, becauſe they remain in it: Alſo fince 
they touch the infcribed Globe by all the Centers of 
their Planes : Becauſe therefore rhe inſcribed Globe 
continues Immoveable, and hath the ſame Center 
with the Figure, from which things are effected. 
2. The other likeneſs of them with the Sphære, 
which is from the Equality of Diftances of the 
Planes. ele 
4. The Egure and Number of the Planes, Sides, 
and Angles, ſuch as is in the Five Regular Bodies. 
| . Its Plane. Planes. Sides. Ang. 
The Cube. 6 


5 Quadrangled 6. 12. 8. 
The Octaedron. ( Triangled 8. J12. 0 6. 
The Dodecaedron Quinquangled > 12.4, 30. 20. 
The Tcoſaedron. J Triangled 20. 30. 12.. 
The Tetraedron. » Triangled 4G 6.9) 4 


5. Among the five Regular Bodies, the Cube, the 
Tetraedron, the Dodecaedron, are the Chief or Firſt 
Sort; the Octaedron, and Icoſaedron, are Secondary, 
or of the Second Sort. r 
For thoſe three have the more excellent Begin- 
ning, and the moſt fimple Angle, that is, Trilinear, 
and each Plane proper or peculiar : The two latter 
have their Beginning from the' Primary or Chiet, 


and the Angle of many Lines, and more compoun- 
ded, and the Planes borrowed ; to wit, being Trian- 


gular, they are borrowed from the Terraedron. 

6. Again, of the Chief, theſe bave the Rank of 
Priority between themſelves : the Cube, the Tetra- 
edron, he Dodecaedron. 5 5 
_ For the Cube is generated only from its Baſe; but 
the Jetraedrom is divided or cut from the Cube by 
rejecting 4 Rectangled Pyramids : And the Dodeca- 
edron is the Cube increaſed, to wit, by applying or 
Joining 6 Pertaedrons. 8 
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1 the Secondary, or Second Sor t, the Firſt is 
the N the Latter the Icoſiedon. 

For the. Ofaedron, the Firſt in its Order, ariſes as 
it were from a Cube, a Tetracdron, and a Pyr amid; 
and from that it borrows the number of its des an 
from this its Triangular Baſe. 

But the Icoſaedron, the laſt in its Order, is bega 
from the Tetraedron and Dodecaedron : For a — * 


borrows from that the Baſe, from this the number of 


irs Sides. 
8. The Proportion of the $ Semidiancl® of the Orb, 


Circumſeribing the five Regular Bodies, to the Sides 
of, the ſame Planes Circum 7 and the Semidia- 
meters of the inſcribed Orbe are thus: 


of _ the _ Th Cube . | 11555 

ameter of the Orb Cir- J The Tetraedr. ¶ Th. Len 1633 
ngth 

cumſcribing any Fig. < The Dodecaedr. of the Side, Y 714 


is Parts 1000. of ſuch J The Tcoſaedr. 1051 
parts is in (De O#aedr. 1414 
C 8164 £m 


The Semidiameter of JT 943 The Semidia- ) 333 
the Circle circum- < D 607 & meter of the & 795 
ſcribed by the Planes JI 607 I Infcribed orb J 795 

—.—-- 0 316% | 577 


9. Spheres are to one another in Triple Ratio or 
Pr; 92 tion of their Diameter. 

And Triple Ratio, or Proportion, is made from the 
Cubick Multiplication of the Terms of the given 
Ratio : If therefore we multiply the Diameters Cu- 
bically, it produces the Cubes of the Terms; and by 
dividing, it produces the Proportion of the Spheres. 


Example. 
Let the Diameter of ſome greater Sphzre contain 
ns Diameter of a leſſer Globe or Sphære, times 5 £ 
[5 chat the Proportion between them be Quintupl: 
vefquialter, which is as 11 to 2. 3 
Then 
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£40 | Theoredss of — 
Then the Cube of 2 is — . 
And the Cube of 11 is n | 
Divide this by 8, it We in the Quot. 166 4. 
Va fo many times rhe grea ter Globe exceeds the 
er 
10. The Redangled uad ung contained under 
the Diameter of the Sphare, and the Circumference 
of the greateſt Circle of the Sphere, is Equal tb the 
Superficial Convex Area of the whole & Phere.. 8 


As if the Diameter of a Sphære 1 EW 

The Circumference of the greateſt Citcls is — 2 ., 

TheArea of a Quadr.made from theſe Sides, 1 54. 

Which is alfo the Convex Superficies of the whole 
Sphære, whoſe Diameter is 7, and the Circun: fe- 
rence of its greateſt Circle 22. 

11. The Quadruple of the Afea of the greateſt 
Circle, meaſures the bigneſs of the Convex Super- 
ficte of any Sphere, As, 

If the Diameter of the greateſt Circle i in a 

Globe be rt —ũẽ 7: 
And the Circumference of the ſame —22. 
The Area of this Circle will by Probl. 23, 8.5 

. of Cyclometry, at Pag. 171, be = EF 

And the Quadruple of this, to wit, ———15 

Will be the whole Convex 'Superficies of the kene 
Globe. 

12. ts the Circumference of the greateſt Circle of | 
4 Sphere, is to its Diameter , ſo is the Square of the 
Crreumference, Fo the Convex Superficies of the 
Sphere. Or, As the Diameter of any Globe, is to the 
Cireumference; fo is the Square of the Dianeter, ts 
the Convex Superficic. 

Therefore we may ſay, 

As the Circumference 22, To the Diameter 7 

So the Square of 22, the Circumference, which k is 
484, To the Convexity of the Sphære, 154. NY 

I, 


. 


— 


e Wd Boo, 24i 

Or, As the Diameter 7, to the Circumference 22 : 
So the Square of Diameter 49, to the Convexity of 
the Sphere 154. *** | 

13. The Solidity of any Sphere, is Equal to the 
Refangled Solid contained under the Seinidiameter of 
the Sphere, and à third part of the Convex Super- 
fie of the ſame Sphere. | 

Therefore from the Semidiameter of a Sphæte gi- 
ven, and its Convex Superficie, the ſolidity of the 
whole Sphere may be known. | 1 


14. Two thirds of the Number produced from the 
Area of the greateſt Circle drawn into its Diameter, 
is Equal to the Solidity of the whole Sphare. | 

For from this Multiplication is conſtituted a Cy- 
lindric Figure, whoſe Baſe is equal to the greateſt 
Circle of the Sphære, and its Altitude equal to the 
fame : And ſuch a Cylinder is to a Splixre inſcribecd 
in it, in proportion Seſquialter, that is, ds 3 ro 2, as 
Archimedes hath demonſtrated. @- 
15. The Convex Superficies of a rig't Cone ani 
Oinder, the Baſes being taken away, is qual Le & 
Grele, whoſe Semidiameter is a mean Proportional 
between the Side of the Cone or Cylinder, ant Ihe 

Semidiameter of the Baſe of the Cone; but the Dia- 
meter of the Baſe of the Cylinder: 


PII — II, - 
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Stereometrical Problems. 
of making the five Regular Bodies; 


. . To Formihe Tetraedron. Fig. 121. _ 

F ſome Matter, make 4. equal Equilateral Trian- 
V gles, which being truly folded or put together, 
will make the Terracdron according to the whols 
Solidity. ä R 11. 


1 _ * « 2 ſe 
i m — 
LE ERR 


—ͤ—U— 4 — ie 
Is —— 


— — 
—— — 
—— . . — 

— — 


22 ͤ 23 


2 — 
.. K 
«7 


8 


— — ed — 


—— — —— 
— im — - 
. — 


—— — — 
* : ” 
— . 


Nr : 
-- 


Pirate any. 
erer r . A 9 45 — LON 9 * * > 


— . — —— — æ“C — 
3 9 SEES CY DE nn 
38" I ONE IE wat of i — 3 22 
. — —— thaw * 3 3 
8 1 * * — — 1 
dan 1 — 


242 Problems of Geometry. Part vl 


1 
To make the Octaedron. Fig. 122. 
Make eight Equilateral Triangles, equal between 
themſelves, or to one another, of convenient Mat- 
ter, and of them may be made a ſolid Ocfacdron. 


W e wy 61 
To make the Cabe: Fig. 123. 
Make and diſpoſe fix Squares, equal to one ano: 
ther, which being truly made and fixt, or glued to- 
gether, will make a Czbe. ES IVEY ; 


5 . 155 
To make a Dodecaedron. Fig. 124. 
Make of ſome convenient matter, as Paſtboard, 
or thin Wainſcot, or ſuch like, twelve Equilateral 
Pentagons, being Equiangled ; which being truly 
| prom up, or put together, will make a Dodcca- 
edron. e 


"=: Ig 
To make an Icoſaedron. Fig. 125. 
Fix or glue together twenty Triangles, that are 


Equilateral, and Equiangled, and you will have an | 


Icoſaedron. 
Of the Dimenſion or Meaſuring of Bodies. 


N.D.T x 
1. Even as we meaſure Superficies by ſquare Su- 
erficies; So Bodies are meaſured by Cubical little 
Bodies of one Inch, Palm, or a Foot, in Length, 
Breadth and Depth: Or if the capacity be ſought, 
then by a Cubical ſmall Veſſel of a certain Meaſure, 
as well in Dry Mealixzes, as in Liquids, 


at · 


1e 


uy 
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2. 2 when the Solidity of any Body is to 
be found, ſeek how many times ſuch little Body 
determinated by a known and juſt Quantity, is con- 
tained in the greater. Eg 
3. The Empty is meaſured as the Full: If there- 
fore we know how much matter, either 'of Dry or 
Liquid, any Cubical little Veſſel of one Palm, or 
one Foot, or of any other Magnitude contains, and 
we have a Rod or Rule of the inſcribed Length of 
ſuch lirtle Veſſel, we may meaſure rhe Cavity of 
any Regular Veſſel, as if it were a Solid Figure, and 
know: the whole Capacity. 1 80 

Then how to meaſure the outward Superficie, as 
well as the Solidity of any of the Bodies, we will 
ſhew in the following Problems. | 


VI 


To meaſure the Convex Superficie of any Globe or 
Sphere. 

1. Find the Diameter. 3 

2. The Perimeter, or the Circumference of the 
greateſt Circle; theſe multiplied into each other, 
roduce the Convex Superficie of the Sphære, by 
heorem the Ioth, at Pag. 240. 


Or, Take the, Quadruple of the Area of the grea- 


teſt Circle, and you effect the ſame thing, by Theo» 


rem 11. Pag. 240. | 
Or, Make it, As the Circumference of rhe greateſt 
Circle, to its Diameter : So the Square of rhe Cir- 


cumference, to the Convex Superticie, by Theorem 
12. Pag. 240. | 


Or, Make it, As the Diameter, to the Circumfe- 
rence of the greateſt Circle: So the Square of the 
Diameter, to the Convex Superficie, by I beer. 1 2. 


R 2 VII. 


$14 Problems * G cometry.. Part VI. 


| 1 
| To find the Solidity, or the whole Groſeneſs of « any 

Sphere. 

2 1. Take - part of the Convex Superfcie of the 
Sphære, by dividing it by 3. 

hs Draw this 4 part into the Semidiameter, and 
you will have the ſolidity of the Sphere, by Thes- 
rem 13. Pag. 241. 


2. Draw theſe into the Diameter, and you will 
produce the ſame ſolidity, by Theor. 14. Pag. 241. 

Or, Make it, As 21, to 11 ; ſo the Cube of the 
Diameter , to the ſolid{ ty of the Sphære. 

For the Cube of the Diameter of the Sphære, to 


the ſolidity of the Sphære, hath the Proportion Hus 


Ferdecupurtieit Eleven, the ſame as is between 21 
and II. 
VIII. 


To find the Convex Superficie of the Eive Regular 
Bodies. 


1. Find the Perpendicular falling from the Center 


of any Plane on its fide, by Theor. the 7th. Pag. 227. 


- "Multiply it in half the fide. 

5 Multiply again the Product. 

In the Jelracd rn. — 12. 
In the Cube and Offaedron By 5 24. 
In the Dodecaedr. and Icoſaedron 60. 


The laſt product of theſe will ſhew the Convex 


Superficie of the Body. 


IK 
To meeſurcth c Solidiry of the froe Regular Bodics. 
In the Cube. 
The Cubic Number OL any fide 2 given, 18 the ſoli- 


of of the Cube; As if the fide ot a Cube be hx 
=} Feet, 


Ox, 1. Take ; parts of the Area of the greateſt 
| Circle 


1 
Alt 


WEST 0.7” T7 
Feet, the ſolidity of the ſame will be 216 Cubic 
Feet. biz. 6X6 =36 and 35 X6=216, 


But in the others. 


1. Take half the Altitude. 7 6, 

(And this is had, if from rhe upper Plane of the 
Body produced: or from the lower Superticie: of 
any Plane, which ſhall be placed upon the upper 


part of the Body, a Perpendicular be let fall to the 


5h of the expoſed: Baſe, and we take the half of 
2. Take the Convex Superficie. 
3. Take + part of it. | 


Which drawn into half the Altitude, produces 


| the ſolidity of the given Body. 


pedon. 


1. Draw the Length into the Breadth. ; 5 
0 


2. Draw the product into the Depth, and y 
will have the Solidity of the Parallelipipedon. 


3 
To find the Solidity of an Oblique Angled Parul- 
lelipipedon, or of. a Rhombus, or a Rhomboid. 


1. Take the Altitude of the Parallelipipedon. 
2. Draw it into the Area of the Baſe, and you will 
produce the Solidity of the Parallelipipedon. 


| XII. 
To find the Solidity of Priſines an Cylinders. 


This is done in the ſame manner, by drawing their 
Atitudes into the Area of their Bales. 


3. XIII 


Io find the Solidity of a Recfungled Parallelipi- 
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246 Problems of Cesc. Part VI. ö 
: —— 
To find the  Solidity of Portis and if Cones. 


1. Aſſume the Area of the Baſe. 

2. The third part of the Altitude. ; 
| Theſe Drawn into each other, ſhew what s | 1 
ſought. 0 3 


1. Aſſume the Altitude; and; . I 
+ 2. The third part of the Baſe, 1 — in tie 

ſame manner: You will effect the ſame thing if yu 
draw the Altitude i into the whole __ Ei] I 
part of the Froduct. xiv 


To find the Conuex Super ficie of a Cone, ali F 
or not taking the Baſe. 


Make i it, As the Semidiameter of the Baſe, to te 
Area of the Baſe: 


So the Side of the Cone, to the Conical Supe 


ficie. 
XV. 
To find the Cylindrical S uperficie, excluding 1 


Baſes. - 
I. Take the Circumference of the Baſe. 
2. The Height of the Cylinder. | 
58 e of theſe, ſolves the Queſtion 


* 


To double the Cube. 


Between the Altitude of the Cube, and the Dou. 
ple of it, ſeek two Mean Proportionals, the leſſer 0! 
theie | is the fide of the Doubled Cube, 0 T 7 
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” Place this at of end of Geometry i 
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Of Solid Bodies. 1 247 
If the fide of the firſt Cube be aſſumed of Parts 


100. 5 
The Double | 1 126. 
The Triple 1 144 


The Quadruple Pet 159. 

. The Luintuple Of that Cube, its | 171. 

The Seætuple < Side will be of & 182. 
The Septuple | the ſame parts I91. 


The Oebuple 200." 
The Noncuple | 208. 
The Decuple & | ps - 


Which Table may be increaſed as far as you 
_ pleaſe, if you Double, or Triple, or Quadruple, &c. 
the firſt Cube from the fide of 100 parts given, that 


5 1000000, and ſeek the next Cubic Root of each 


ultiplex. _ 


WAL >. 


The End of Geometry. 
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ASTRONOMY. 
1 ee, HONRESD 7 
The PREFACE. 
Of the Definition and Parts of Aſtronomy. 


i. A STRONOMY, is a Doctrine or Science 
4 A preſcribing the reaſon of meaſuring the Sites, 
the Mos ions, the Diſtances, and Magnitudes of the 
$uneriox, or Celeſtial Bodies, viſible ta this World. 

Theſe Celeſtial Bodies are called Stars, the Sun 
and Moon, the Planets ; hence is the name of Sy- 
deral Science, and of Aſtronomy, which in old time 
alſo was called A/tro/ggy : But the Moderns attri- 
bute the name of Aſtrolagy to that Art, whereby 


from the Motion of the Heavenly Bodies, and their 


Habitude to one another, they promiſe the PrediQi- 
on of future things: But now we call Aſtronomy 
that moſt noble Art, which ſearches and diſplays 
the Motion, Diſtance, and Magnitude fought, of the 
Sun, Moon, and Stars, and all other appearances ob- 
ſerved in the Heavens, from ſome Hypotheſes recei- 
ved, agreeing to the Nature of the thing. 
For an Ajtronomer firſt of all collects the many 


kinds or particulars of the Heavenly Appearances, 


by long obſervation of the Stars, c. Afterwards he 
aſſumes Hypotheſes, which being ſuppoſed, he ne- 
ceſſarily demonſtrates all thoſe things which he hath 
collected by Qblervation,” and what will follow in 
its time: And at length he either makes an Inſtru- 
ment by which thoſe things partly are taken from 
Heaven, alſo they are partly ſet before the Eyes; 
or he Explicares the ſame by Numbers, ſhewing a 
Merhod, wheteby at any time. either paſt, or to 


” 
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Of Aſtronomy : The Preface. 249 
come, the Apparent Face of the Heavens, and the 
— of the Stars, and Sun and Moon , may 

Yen ence are produced A ſtronomicus 
Teller, Ee of erpetual or Annual Ephemerides, 


2. IWe conſtitute Thee, Parts of, Aſtronomy, ac- 
Je: iſhing cache in a ſingle Book ; of which, 


The Firſt Explains, The Spherical Doctrine. 
ö The Second, The. Theoretical. | 
| And the Third, The, Chronological Doctrine 


For ſince we underttand in Heaven a double Mo- 
tion ef the Sun, Moon and Stars: The Firſt, com- 
mon to all of them, which is accom mp iſhed from 
Fiſt to Weſt in the ſpace of Day and Night, or for 
the moſt part in the ſpace of 24 Hours: And the 
Szcond, Proper to every one, tending from Weſt to 
Halt; both of which we uſually meaſure by Time: 
Likewiſe Aſtronomy is truly divided i into thoſe * 
— from which, 


3. The Spherical Doctrine, Delivers the a fed 
pocket which ſhews to us the firſt and com- 
non Motion of all the Heavenly Bodies, and that 
y ſetting before our Eyes the Inſtrument of a Ma- 

rial Sphere, or of an Heavenly Globe. 


4. The Theoretical Dockrine, pro poſes the A p- 
3 of the ſecond and proper Motion of eve- 
7 one. of the Celeſtial Bodies, by certain Inſtru- 
rents of Contemplation « or Theory. 5 | 


J. And the Chronological Docrrine ie th 
luio, or Proportion of Time, depending on boch 
beſe Motions. 


1 4 
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ASTRONOMY; 
of ' | 
— — . — — 
| Of Spherical Doctrine. 
: | | 1 « EE l | | 
| Of Aſtronomical Hypotheſes in General. 
| 1. A Stronomical Hypotheſes in general, are ſomMW t 
A Artifices aſſumed, from which the Celeſtil 
| Demonſtrations are built upon. t 
They are called Hypotheſes, becauſe an Aſtronomer ſays, Suppo - 8 
| fing this, or that, then this or that follows. Sc 7 
| 2. And Aſtronomical Hypotheſes are ſome PH. e 
| cal, others Geometrical. | P 
| 3. Phyſical, are thoſe which are borrowed by the 1 
Searcher, from Phy/icks, or from Nature, which he g 
either ſuppoſes as True, or alſo further Confirms b 
his Obſervations. Ep T7 n 
Such are Aﬀertions concerning the World, and the party 
thereof, as of Heaven and Earth, the Subftance, Figure, Place, andes 
Scituation 3 concerning Cæſteſtial Bodies, the Difference, Diſpo 18 
ſition and Order, likewife the Kind and Quality of the Celeſtial Y 
Motions, 2 3 3 12 4 
4. Geometrical Hypotheſes, are things drawn fro ſe 


the Storehouſe of Geometry, only indeed aſcribed 2 
to Heaven by the Imagination, but conformable tq +. 
the Nature of the thing, and therefore allowed b fi 


every one; from which the Cæleſtial things are tht 4 
better explaingd and declared. J 
Such are the Hypotheſes of Circles, and Orbs, with their Parts | A 
Diameters, Axes, Poles, c. aſcribed to the Heavens by Imaginag 
tion, and for diſtinction ſake : For becauſe the Heaven wie tt 


Chap. Il. Of Spherical DoS@rine. 


Stars js uniform, and every where alike, fince nothing is Real, we 
are forced to uſe the Mental Diſtinction of the Parts of Heaven, 
that we may ſpeak diſtinctly concern ing Diſtin& Things, and that 


we may determine more curiouſly the Scituation and Motion of 


the Stars. | 
$4.4 ———— on — | ous * — F 
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of Phyſical Hypotheſes, and fr/t of the Worla, 
ud its Parts, Heaven and Earth. 


I. F HIS Viſible World, is a Sphære deſcribed 
from the Eye of the Spectator, even as from 
a Center, conſiſting of the Receptacle of all Viſible 
things in Heaven and Earth. _ | 
(1. We call this World Vi/tb/e, with reſpect to 
the difference, v:z. of Ixviſible, concerning which 
St. Paul ſpeaks in Colofians, Chap. 1. which they call 
Platonick, even as this of ours; but the Hebrews 
call it the Future World, which is Izvi/ib/e, and the 
Viſible World they call the Preſent : And the I7o7- 
ſible World is no other than the ſtate of the Bleſſed 
Angels and Men, fully revealed by God at the end 
of this World, concerning which, Philoſophers treat 
not, but Theologians. 3; 11> 
2. And the deſcription given of the Vi/eb/e World, 
is either Aſtronomical or Optical: Conſidering the 
World, even as *tis conceived by Humane Eyes, *tis, 
as it were, a Concave Sphzre, deſcribed about it 
ſelf, the two principal Parts whereof, according to 
Holy Scripture, makes the Heaven and Earth : This 
is the Manſion and Station of Man the Spectator, 
from whence he contemplates Heaven as it were an 
hollow Arch or Vault, richly adorned with Sun, 
Moon and Stars, about the meaſuring of which 
Aſtronomy is properly converſant, 1 many 
things to be diſcuſſed, as Alien from this Phyſical 
Scope.) | 2. And 
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252 Hypotheſes of Aſtronomy. Bock. 
2. And that this World is Spherical, that is, tis 
terminated by a circular and round Figure, moſt Phi- 
lose. 7 v9 
For although no Human Senfe can extend to the utmoſt Su- 
perſicie of the World, uevertheleſs there are not wanting proba- 
ble Reaſons, which will perſwade that it is Spherical. 
For 1. Since the Order of the Supream Stars re- 
turns in themſelves, by a Circle drawn about the 
Earth, and fo, as it were, makes a certain hollow 
Vault, of a whole Sphærical Figure, the whole Band 
of which comes within our View in the ſpace af a 
few days ; we mult conſent, that the Outward and 
Convex Superficie of the World cannot depart from 
this, and be any other than Spherical. . 
2. Moreover, but that moſt perfect and capacious 
Bodies ought alſo to be moſt perfect and capacious 
Figures, no body will doubt: Therefore ſince the 
World alſo is a Body moſt perfect and capacious, 
becauſe it contains all things by its Ambit or Peri- 
phery z and a Sphærical Figure is the maſt perfect 
and capacious of all others, no one can ſcarcely 
doubt of the Worlds being a Spherical Figure. 
3. Eſpecially fince.G 0 D himſelf is the Original 
of the World, and the World, as it were, the living 
Statue of G0 D, to which no Figure is more like 


(if ſimilitude may take place) than the Sphærical: 
For as G OD is the Beginning of Beginnings, want. 


ing Beginning and End, Creating and Suſtaining all 
things: One Eſſence in Three Perſons: So alſo a 
Sphærical Figure, by its Natute, hath neither Begin- 
ning nor End, it gives Perfection and Place to all 
other Bodies, and conſiſts of Three Parts, its Center, 
Superficie, and Equality of Intervals, which are in- 
deed diſtindt between themſelves, yet they cohere 


ſo, that one being denied, the reſt are deſtroyed, as 


is alſo ſaid in Geometrical things before. 
Lc: | 2. Toe 
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Chap. II. -Of-Spharice! Doctrine. 257 
3. The principal Parts of the World, in reſpect of 
ours, are two, biz. Heaven and Earth. - 
And the Earth is the inferiour part of the World, made or 
joined together of Water and Earth, properly ſo called Sphzri- 
cal, or of the Form of a Globe, allowed to Men to inhabit, that 
from it with the Eye, even as from a common Center we may 


contemplate Superior and Celeſtial Things. | 

Earth, is an Ambiguovs word: For 1. It ſignifies 
the Elementary Duſt. 2. The dry part of this in- 
ſeriour Region diſtinct from the liquid. 3. This 
whole inferiour Region under our feet, compoſed of 
the dry and liquid part, or Water and Earth, ſo cal- 
led in particular: which notwithſtanding by Senech- 
doche from the better part, the Earth, we are wont 
to call it the Terrene Globe, the Earth, the Orb of 
the Earth: In which fignihcation the word Earth is 
received almoſt every where in Aſtronomy. 

4. And that theſe two Parts, to wir, the Dry and 
the Liquid, being Joined together in one Body, con- 
tain one Superficie without doubt. | 

1. Experience witneſſes ; in as much as we know 
that having ſurmounted or paſſed over any great Sea, 
we always find one or other dry places. 

2. From Celeſtial Obſervations, of which the Pro- 
reg of Changing, according to the Diſtance of 
laces, is the ſame every where, whether they are 
beheld from the Earth, or from the Sen. : 

5- Bur thar this Supericie of Earth and of Wa- 
ter, joined together in one Body, is Spherical or Glo 
boys, is Iufficiently evinced by many Reaſons. 

1. For ſince, as well the Earth, ſo called in par- 
ticular, as the Water, is round, as well accord ing 
to Longitude, that is, from Eaſt to Wet, as according 
to Latitude, that is, from North to South, it mutt 
iceds be, that the whole Body allo conſiſting ot 
tarth and Water, is Round : For whether we ad- 
ſance by Earth or by Sea towards the Ealt, the Stars 
ai foonet to the Eaſtern People, and = DUO 

clip les 


254 Hypotheſes of Anu. Book 
Eclipſes are beheld ſooner than by the Weſtern Peo- 
le: And the Northern Stars are more and more rai- 
ed towards the North, but the Southern are de- 
preſſed, until ſome nor ſeen before are beheld, and 
on the other part, the firſt ſeen are hid: The cauſe 
of which can be no other thing but the ſwelling, 
and rotundity of the Sea and Earth. Eg. 126. 

2. The Body made of Earth and Water caſts 2 
turned or circular ſhadow from it ſelf, which is be- 
held in Lunar Eclipſes, which ſhadow is not pro- 
duced bur from a round Body. 

3. Mariners teftifie concerning the ſwelling of the 
Water, who can behold a Sign or Mark on the Sen 
ſhoar, ſooner from the top of the Maſt, than at the 
foot of it, the ſwelling of the Water hindring the 

fight, Fig. 127. | : 
And although on the Earth there are vaſt Moun- 
tains, and deep Vallies, which ſeem to hinder the 
roundneſs of the Earth, yet becauſe they have no 
Notable Proportion to the whole Syſtem of the 
Earth, (for the Latitude of a Mountain whoſe 
Length and Breadth contains an whole German Mile, 
which is 5002 Paces, and contains 4 Eugliſb Miles, 
is in Proportion to the whole Bulk of the Earthly 
Globe, ſcarce as 1 to 26625600.) Therefore the 
Mountains and Vallies cannot hinder the rotundity of 
the Earth, altho they make the Superficie of it ſome- 
. what rough or rugged : And this is alſo evident in 
Eclipſes of the Moon, in which the ſhadow of the 
Earth is fo repreſented in the Moon, that nothing in 
any manner appears in it which is Swelling or 
Rn. 28 

6. And altho' the whole Earthly Globe be vaſtly 
great in it ſelf, yer when compared with the Supe- 
rior Heavens, and the diſtances of the higher Stars, 
it hath no ſenſible Proportion of Magnitude, but 15, 
as ir were, hke to a Point or Center. 1 | 

77 
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| For if it ſhould be otherwiſe : =. 
1. The Celeſtial Obſervations would differ accor- 
ding to the variety of Places. 
id 2. The Eaſtern Stars would be ſeen to be much 
© IN 1:ffer to the Weſtern inhabitants, as being more re- 
g i} mote, than to the Eaſtern, 

3. Two oppoſite Points of the Heaven would ne- 
ver be ſeen together. 
Py 4. The Diameter of the Sun would appear grea- 
ter in the Mid-heaven, than when tis beheld to ariſe, 
to wit, being nigher by an Interval of the whole 
he WM Scmidiameter of the Earth. 
2 5. Laſtly, the Vertexes of Gnomons in Sun-Dials 
he can never have the Proportion of the Center to the 
he Sphære of the Sun, if the Earth ſhould have ſenſible 

magnitude to the Sphzre and Diſtance of the Sun, 

n. much leſs to the Diſtance and Sphæres of the higher 
he Flanets and Stars; all which, notwithſtanding, is re- 
ao futed by daily Experience. 1 
he VII. Heaven. is to us the Superior part of the 
e World, incloſing the Earth on every fide, circum- 
le. ſeribed by Judgment of our Eyes, by a Concave Orb, 
s called by Air and a Golden Sky, adorned moſt ſplen- 
ly didly with Sun, Moon, and Stars. | 
he In Holy Scripture, Heaven is whatever incloſes the 
of Wl Earth every where, or on every fide , ſo that the 
1e- Air alſo is therein contained, whence the Birds fiy- 
in ing in the Air are called the Fowls of Heaven: We 
he follow this Sentence of Holy Scripture in this place. 
Ariſtotle, with his followers, have placed above the 
Air a Fiery Sphare, and above this more Heavenly 
Sphæres and Orbs, Concave, Clear indeed, but So- 
lid, which encompaſs each other as the skins of O- 
mons, and the Stars carry or move the inferior Orbs 
and Sphzres, of which Aſtronomers have found out 
the Ten principal ones, as you may ſee in Fig. 128. 

But as chat Fire being nouriſhed from no folid rea- 
7 on. 
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ſon, the moſt part of Modern Philoſophers have 


— it into ſmoak; ſo likewiſe the ſagacity of 


the Moderns have deſtroyed the ſolid Orbs, by Op. 


PE 49} 


our Air, as the Opticks teach ; therefore the Planets 
would appear to be irregular, and as it were in other 


places farther off than thoſe which may be declared 


by Aſtronomers. 5 3 
2. Aſtronomy alſo witneſſes, that Mars ſometimes 
is nearer the Earth than is the Sun; alſo Venus and 
Mercury is converſant one while above, another 
while beneath the Sun, which if the Orbs ſhould be 
ſolid, cannot be done without interſection of the 
Orbs. | 
2. Moreover that thoſe Comets, which Ariſtotle 
calls Meteors, paſs from one Region of the Sky to 
another, is witneſſed by moſt certain Obſervations, 
which the ſolidity of the Orbs would hinder their 
paſſage. Fo | : ; 
4. This alſo comes neat unto the Authority of 
Holy Scripture, which teſtifie of God, in 1/az. 40. 
that he hath extended the Heavens, as [{omewhat 
Thin and Rare. | 
From theſe Cauſes we may truly appoint or ſtate the Celeſtial 
Region to be no other than a Golden Sky, moſt Liquid, Clear, 
more Thinner alſo than our moſt pure Air, giving way to the 
Moveables, not leſs readily than the Lights of the Sun and of the 
Stars, give way, that they may Dart their Lights on us. 
From whence alſo it follows, that the Stars in this moſt pure 
Sky, like Fiſhes in a ſtill Water, and Fowls in the Air, are boarn 
and carried about, not by any other but by their or-n proper Na- 
ture, yet neither wandringly, but conſtant, and by a Regular 
Motion. | | WIE > EL, 
Yet whether or no; we eſteem the World flowing, and every 


where uncovered, or fenced by no other thing, but a moſt fine 


Golden Sky: It hinders nothing whether to believe of _— 
+ $4 


5 ES cr 3 n Sa 5 
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7e that the Extream Wall of the World be ſome Solid Sphare, keep 
of iag all things within its Ambit: To which Sphære, the Stars 
which we call fixt, ought to be faſtned, we cannot believe that 
V- Whoſe fly about freely, and nevertheleſs that they do, they keep 


the ſame unchangeable ſpace between themſelves: For thus the 
judgment of our Eyes ſeems to per ſwade, to which in Aſtrono- 
mical things we are compelled oftentimes to offer more than the 
ell Enijuifice Truveo deen, ets 

a Wl So likewiſe it may be lawful to ſuppoſe Orbs or 
Spheres, not Solids, but as Circles in the ſame clear 


7 Sky : As alſo the Sphærical Space to be ſo great, as 
che wandring Stars or Planets require to the finiſh- 
ing their Courles, concerning which we ſhall ſay 
1 more Hefen er.. [> i 
Ont ˙“bvu-•b 8 
5 CRAP. I. 

; Of the Fixt, and Wandring Stars or Planets, 

o HTA RS are Lucid Bodies, Globous thro? the 
Th whole Ambit of Heaven, either affixt to the 


xtream Heaven, or ſuſpended in the Sky ; and go- 

ng about in it, that they may ſhine upon the Earth, 
ok End diſtinguiſh the Day and Night, and make the 
„ changes of the other Times. 


0 Concerning theſe Stars, ſome ſay many things vainly, while 
| others ſuppoſe them to be the more thicker parts of Heaven: 
ial Nome, think them to be burning Globes; others, Terreſtial Bo- 
at, lies, which are inhabited by I know not what Inhabitants : But 
the becauſe theſe things are beyond finding out by humane Senſe 
the {Wind Reaſon, neither is any thing revealed to us concerning them 
in Holy Writ 3 we ſhall do well, if we remain within the Bousds 
ure ef Modeſty, and deſcribe the Stars, from the uſe (that they af- 
72 ford to us the Inhabitants of the Earth) aſſigned in Holy Scrip- 
Na- bie, which is done in our Deſcription. . 
lar 2. And of Stars ſome are Fixed, others are Wan- 
TA [(Uing, O Planets. —_ | 
2 3. Fixed. Mars, are, as it were, affixt in the Con- 


e, Narity of the Extream Orb of Heaven, by Immutable 
that 2 = SPACES, 
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Spaces, ſurrounding the whole Viſible World ; they] 


receive all Vilible things within their : hollow Vault 
and ſeem to go about the Earth, and *all the Com: 
mon Stars, by a daily Motion. 

The multitude. of them is innumerable to us Men, God himſelf 
hath made them as Signs to Abralam, Gen. 15. Whence Auguſt 
ſays truly, the Stars cannot be numbred, becauſe neither all of 
them are believed to be feen: For by how much any one be. 
holds more acutely, by ſo much he ſees the more of them; when 
alſo to them that behold moſt Eagerly, ſome are deſervedly e. 
ſteemed to be hid, Bok 16. Chap. 23. de Civitat. Dei. 

Alſo the Teleſcope hath diſcovered many thing 
in theſe days, of which the former Ages were Ig. 
norunt: In one Head of Orion it hath ſhewn more 
than Twenty, and which is more, in one cloſe place 
( which is called by the name of the cloudy part of 
Cancer) more than Forty. The Galaxia, or perpe- 
tual Milky way, and in the ſame Age of the World, 
the Heavenly Circle, which Ariſtot/e eſteemed rude- 
ly for a Meteor, is no other, than an heap of moſt 
ſmall Stars ſhining contiguouſly, which hath been 
newly detected by the ſame Dioptric Tube, or Tele- 


cope. 

Norivithſtanding the great number of Stars is not 
to be ſuppoſed Inhnite ; for an Infinite Number of 
Stars require alſo an Infinite Space, which cannot 
te : For ſince the Region of the Fixed is Terminated 
at leait on one fide or other, to wit, downwards, to- 
wards our moveable World, it cannot be Infinite, 
fince to be Infinite and to be Terminated, aboliſh 
each other mutually. _ 

But by that which humane fight attains to, tis 
eafie to find out a Number many times exceeding 
the number of the Stars, although the whole Arca 
of the Heavens ſhould be planted or ſet with Stars, 
and they ſhould all cohere contiguoully. 

For aſſuming the Middle Circle of the ultimate Hes: 
: ; > 3.4 # ; Ven, 
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ven, to be Degrees ———- — 

Or of Second Minutes ——— — 1296000". 
The Diameter of this will be —— — 412364”. 
5 | The Semidiameter — — 206182“. 
mel The Half of the Circumference-——— 648009". 
et Wo The Area of the Middle Circle 133605936000". 
e be. The Quadruple of this 534423744000", 


ly e. Is the Area of the whole Concavity of the Starry 


Heaven: But if then, no Star ſhall have in its Dia- 
ings MW meter more than 10, and all ſhould be diſpoſed 


g. MW contiguouſly into three, as the little Circles of Win- 
nore MF .dows, ſo that they cannot be thruſt more cloſely 
lac together, yet the number of them cannot exceed this 


t of Ml given. 


pe: But ſince the Diameter of Stars of the Sixth Magnitude, which 
ld, by us are not ſeen, hath been obſerved by Bebo Brahe to be 20”, 
ude. Ml you may divide that number by 20, and it will make only 
not 72187 200. Neither alſo can the number of Stars yet exceed 
NG this leſſer number. _— 


ark 4. And from the great number of Fixed Stars, the 

famous Aſtronomers have choſen the greater, and 
not moſt notable, according to fight, and have diſtribu- 
of ted thoſe into Coaſts or parts of the Heaven, by 
"nor Aſteriſins, and certain Claſſes of Magnitude. 


5. The Coaſts of Heaven, are certain Parts of the 
fame, paſſing by two great Circles croſsiviſe, thro? 
the middle of the Earth diſtinctly. 

Hence are made four Cardinal Coaſts or Parts. 

The Eaſt, wherein the Sun Riſes. 

The Weſt, wherein he Sets. 

The North, where the 7 Stars of the Great Bear, 
"rg Charles's Wain, are beheld, near the North 

ole. | 
Heal , {92 South, Where the Sun is beheld by us in the 
Meridian, or at Noon. 


I 2 ( Beſides 
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Images; The Efficacy which the Ancient Aſtrolo- 
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(Beſides theſe, Marriners number 28, in all 32, 


which are either named from theſe rincipal ones, . 
or they denominate them from the Winds blowing 


from thence ; Even as allo, the Latins are wont F N 


call the Northern courſe or part, Borealis, and Aqui. 9. 
lonaris; and the Southern alſo, Auſtralis, &c. from . 


the Winds Boreas, Aquilo, Aufter, blowing from IM 


hence. ) pl 
And from theſe Cardinal Points, ſome Stars are called ore 15 
ral, others Occidental, ſome Northern, others Southern. 21 


6. Afteriſmes, (which are allo called Stars, "W 
and Moon, Conſtellations, Signs, &c.) are the Con- 
figurations of the more nearer and famous Stars, 
bearing either the Names or Images of divers things 
for the ſake of Memory and Diſtinction. 

Of theſe Images the Antients have conſtituted 48, 
and they comprehend 1022 Stars, denominated from 
the certain Parts or Members of the Images; as the 
Horn of the Ram, the Eye of the Bull, &c. to which 
the Moderns have addcd not a few : And the Cau- 


is likely to have been chietly three; Ihe Likeneſs 
which theſe Stars have in diſpoſition with theſe 


gers ſuperſtitioully e to ſome Conſtellations: 
Laſtly, The Immortality, to which ſome were Conſe- 


ciated Heroes, and would have their names, as it | 
were, inſcribed in Heaven. > 
itt 


Ard tis to be noted in this place, that oft-times 
the name of the whole Conſtellation is aſcribed to I} / 
any one of the brighreſt Stars, which with reſpect F 
to Sprizs, is called the Greater Deg, &c. vity 


Afteriſms of the Anci tents have been PEO * 
by Verſes in Latin. 1 
I. Northern Stars. * 


To the Northern parts you may behold 21 5 
1 Ki 
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1. Urſa Minor, or the Leſſer Bear. 2: Urſa Ma- 
ſor, or the Greater Bear. 3. Draco, or the Dragon. 
4. Cepheus. 5. Bootes. 6. Corona Septrentri, or the 
Northern Crown. 7. Hercules. 8. Lyra, or Harp. 
9. Cygnus, or Swan. Io. Caſfopera. II. Perſers. 
12. Auriga. 13. Serpentarins. IA. Serpens Ophi- 
uchi. 15. Sagitta. 16. Aquilla, or Eagle. 17. Del. 
phinus, or Dolphin. 18. Equiculus, or Leſſer Horſe. 
19. Pegaſus, or Greater Horſe. 20. Andromeda. 


21. Triangulum, or the Triangle. 3 
II. Southern Stars. 


To the Southern Parts you may ſee 15 Stars. 

1. Cetus, or the Whale. 2. Orion. 3. Eridanys. 
4. Lepus, or the Hare. 5. Canis Major, or the 
Greater Dog. 6. Canicula, or the Little Dog. 7. Ar- 
go Navis, or the Ship. 8. Hydra, or the Water Sen- 
pent. 9. Crater, or Cup. Io. Corvus, or the Crow. 
11. Centaurus. 1%. Lupus, or the Wolf. 13. Ara, 
or the A/tar. 14. Corona Auſtrina, or the Southern 
Crown. 15. Piſces Auſtrina, or the Southern Fijh. 


Hl. Is the Middle, in the Zodjac' Circle, are 
the Twelve Signs, 


1. Aries. 2. Taurus. 3. Gm. „ 


x. Leo. 6. Virgo. 7. Libra. 8. Scorpio. 9. Sa- 


gittarius. 
Piſces. 
Becauſe theſe Twelve Signs often Occur, for bre- 
vity in Writing they are thus nored. | 

T + Sagittarius. 

& laurus. } w Virgo. * Capricornus. 

0 Gemini. Libra. = Aquarius, 

S Cancer. m Scor p10. | % Piſces. 


I 23 But 


10. Capricornus. II. AQUArlUS. 12. 
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But theſe new Aſteriſmes added by the Ws 


in the South part of Heaven, and not ſeen by us, 


are contained in theſe little Verſes. 
Phenix, Grus, Indus, X7phas, Pava, Af £5 th: 


drus : 


Paſſer, Apus, Triquetrum, Mufea, Chameque Leon. 


9 The Magnitude of the Stars, are Conftiruted f 


fix Claſſes. 
In Number. In the North. In the South. In the Zodiac 


LR 19.0218 11 
Second 45 18 18 . 
8 Senor 205 8x 1 6 64 
= 4 Fourth 47 I77 11 133 
Fifth 55 38 7 105 
— 2 Al I3 9 27 
wu | Oblcure 9 9 | © 2 
© (Cloudy 5) 11 J 3 
The Sum 1022. 350. 316. 346. 


8. The Wandring Stars, or Planets, are thoſe 
which are ſeen under the Fixt, through the Golden 
Sky, not only daily and common with the Fixt ; but 
alſo every one peculiar and proper to ſome place ; not 
uncertain and wandring, but yet ſeem to be carried 


many times by a variable Motion, which change the * 


Spaces variouſly, both between themſelves, and alſo 
to the Fixed Stars. 


Of theſe, Seven are obſerved by the Antients. 


Of - which, - © 
The Order. The Names. The Figures. 
1. Saturn. H - 
2. Jupiter. 2 
3. Mars. . 
4. Sol. 8 
5. | Venus- P 0 
6. _ Mercury. . 
>” Luna. D. 


I. Amon? 


Ins 


Ng 
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1 Among theſe Planets © and Y are called in 
Holy Writ the two great Luminaries ; not that the 


| Moon exceeds the other Stars in bigneſs of Hol, for 
ſ tis manifeſt that the leaſt. of, all ;\ but th 


at by 
reaſon of its nearneſs, it appears greater than the 
reſt, and caſts forth a clearer light.: Able, 
2. The other Planets are diſcerned from the Fix- 
ed Star. e 2: 

1. By the Quuntity of Body, becauſe they are ac- 
cording to fight, (for the moſt part) greater than 
the Fixed Stars, ſome few excepted. | 

2. By the Quality of Light, becauſe they are al- 
ſo more clear, and have a more conſtant Light, and 
ſparkle leſs (for the moſt part) than the Fixt. 

3. By their Scituation, becauſe they are Lower 
than the Fixt, and change their places varioufly, 
both between themſelves, and to the Fixt, which the 
Fixed Stars conſtantly retain between themſelves : 
Moreover the Planets remain between the Zodiack, 
when the Fixt Stars are diſperſed every where thro' 
the whole Heaven. 


3. And the Planets likewiſe are diſtinguiſh'd be- 
tween themſelves. | 


I, By Quantity of Body, for Venus. after © and 


), is the greateſt of all; next to which in Magni- 


tude is Jupiter; Mars is ſomewhat leſs than N- 
piter; Saturn is equal to Mars ; and Mercury is 


leaſt of all. 


2. By Quality of Light, Venus is the molt ſplen- 
did, diffuſed with a Golden Colour in Brightneſs: 


Jupiter is like to Venus, but lefs ſplendid, of a mid- 
dle colour, between Gold and Silver: Mars ſparkles 
with a Ruddy flame: Saturn ſhines lefs, with 4 
_ colour: Laſtly. Mercury is Lucid, but leis 
lte. 


84 . 3. By 
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3. By Scituation, for Venus departs not from the 
Sun beyond 48 Degrees: Mercury not beyond 282: 
Venus praceeds the Sun in the Morning, and is cal- 
led Phoſphorus, or the Morning Star; and follows 
the Sun in the Evening, and is called Heſperzs, or 
the Evening Star, and is eaſily known by its little 
Golden Rays: But Mercury lies altogether hid, ei- 
ther under the too much ſplendor of the Sun, or if 
it depart from thence, yet *tis ſcarce obſervable to 
young Beginners, by reaſon of its ſmallneſs. 


And we muſt Note alſo in this place : 

I. That Galileus Galilei, a Mathematician of 
Florence, by help of the Teleſcope hath likewiſe 
detected other Secundary Planets, ranging about the 
Primary, to wit, 4 Fovzal about Jupiter; 2 Satur- 
nine about Saturn, which we leave in their places 
until more is known concerning them. 

2. Moreover, there are many Modern Aſtronomers 
which think far otherwiſe of the Order of the Planets: 
And Copermcus and his Followers, and thoſe Ancients, 
Philoluus and Ecphanum, Pithagorians; Heraclidem 
Ponticum, Ariſtarchus Sanus, and others; change 
the place of the Sun and the Earth, and place the 
Sun in the Center of the World, only moveable a- 
bour irs Center, and all the others which are in the 


World they ſuppoſe moving: And they receive the 


Eartn into the place of rhe Sun between the Planets, 
moveable about of it ſelf by a daily Morion, and 
the Center of the Sun by an Annual Motion, and 
moreover moveable by another Secular Motion: 
And they circumſcribe the Sphære of the Moon, in 


which the Moon as a Secondary Planet goes about 


near the Earth. | 
Leaving this Opinion, we not confidering Phyſics, 


do follow the Judgment of our Eyes with Holy Scri- 
pture, with thoſe which place the Earth in the Cen- 
a * 
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ter of the World, eſpecially fince the Defenders 
themſelves being alſo of a contrary Opinion, are for- 


according to the Judgment, or Award of their Eyes. 
3. Laſtly, we muſt know, that there appears 
ſometimes in the Air counterfeit ſhapes, running to 
and fro ſwiftly, which they call by the name of 
f WM Waſted Stars only, and from their Species, Falling 
) Stars; when notwithſtanding they are not true Stars, 
but Exhalations gathered together in the Air, ſud- 
denly vaniſhing, and therefore to be remitted to the 
Aereorolagiſts Notwithſtanding, if Comets and 
f New Stars, more durable than others, appear ( which 


e often happens in the memory of us, and of our Fa- 


e thers ) it will be the Office of Aſtronomers allo to 
ſearch diligently into the Scituation and Motion of 
8 theſe. | 


„ 8. La, That which pertains to the Figure of 
: Stars, 55 very likely that they are Globous. 


; For the Body of the Sun, of the Moor, and of 
„cher Stars, if we behold them accurately, Senſe 
e Demonſtrates them to be Circular, as in Fg. 129. 
e and they appear not only Plane Circles, but every way 
* Round or Sphærical Bodies, as appears in the Moon: 


e kor at what time and place ſoever of Heaven or 


e IF Earth 'tis beheld, it never appears not round, which 


S, cannot be in a plane Figure, which being changed. 
d eren as *tis by any one beholding it from a lower 
d place, ic changes its Place, and its Site or Pofirion : 


: And why they ſeem to us to be Plane Superficies, 
n WW withſtanding they are Sphærical Bodies, we ſhall 
Teach in Opticks, | 


ER 


ced for the mo fue if not to think, yet to ſpeak 
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Of the Motion of the Stars, and of the Rindt 


and Quality of Motions. 


i. A LL Stars move either truly or apparently, 
and indeed by a Circular Motion, or return. 
8 to themſelves, as the Stght of the Eyes witnef: 
 felÞ. | | + | Ru 
* x. For all Stars which Riſe and Set by a Diur- 
nal Motion, aſcend from the Eaſt to the higheſt 
part, and from thence deſcend by the like velocity 
to the Weſt, and returning in the ſame manner, 
repeat their former courſe : Which fince 'tis done 
only by Circular Motion, and being finiſhed, may 
be reduced in the ſame manner ; it follows, that the 
Motion of the Stars is Circular, . or returning to 
themieives. Fg. 1. 

2. Alſo becauſe Stars nigh the Pole always ap- 
pearing, teſtifies it: for theſe. deſcribe perfect Cir- 
cles about the Poles by a Diurnal Motion, which is 
ws — Argument, that they are moved Circu- 
arly. | 


2. And the Motion of the Stars is two fold, Cou. 


mon and Proper. | 

3. Common, which alſo is Diurnal, or Day by Day, 
and is called Prime; is that whereby the whole Mo- 
tion of the Stars is exerciſed, by force of the firſt 
Moveable, to which this Motion in the firſt place 
enters, and is turned about daily from E 7 ? to Weſf 
in 24 Hours, or in the Space of a Day and Night. 


Therefore concerning this Motion no Body doubts, 
ſince tis expoſed to the Eyes of every one; whence 
alſo it wants no Demonſtration : But concerning the 
Subject of this Motion, to which it chiefly belongs, 
whether or no it be true, or that the fallacy is _ 

te 
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ted to the Stars only by fight ; and that the Earth 
indeed be turned round about on its Center ( fince in 
both ways the ſame wholly happens ; whether the 


Stars are all moved from Eaſt to Welt, or the Stars 


all Re the Earth be moved about its Center 

to Eaſt) Philoſophers contend concern- 
ing it, which to aſcribe tae Motion to: Which Con- 
troverſie doth not ſo much belong to A/ronomy-as 


to Phy/icks ; For whether this, or that be true, in 
Aſtronomy alſo falſe Hypotheſes, may be aſſumed 
while ſuch things are, by which the Calculation of 


the Heavenly Motions may be truly and eafily per- 
formed : Which facility, although it be offered in 
the Hypotheſes of the Earths Motion, yet becauſe it 
ſeems inſolent to our Studies, we retain the old H. 
potheſes of the daily Motion of the Stars, and the 


reſting of the Earth in the Center of the World, al- 


lowed by the Judgment of the Eyes, to which allo 
the Style of Holy Writ agrees. 

4. The proper Motion of the Stars, which is alſo 
called the Second, is that by which the Fixed Stars 
altogether. but the Planets every one ſingly, and with 
reſpet to the former, proceed contrarily by oblique 
Motions from the Weſt towards the Eaſt, according 
to the order of the 12 Heavenly Signs. 

1. All Stars demonſtrate this Motion, which pro- 
ceeds leiſurely to the Eaſt; or Obſervations teſti- 
he that *tis made by the Oriental, by little and lit- 
tle, in the Diurnal Revolution: Or that which is 
moſt noted in the Moon, Fig. 13 1. for it in the New 
Moon, ſets together with the Sun in the Evening. 


But three or four days after, tis beheld from Sun 


ſetting by a longer Interval towards the Eaſt: whence 
tis beheld daily to be more and more Eaſterly; un- 
til Sun ſetting the fourteenth day, it at laſt appears, 
and ſhews it ſelf above the Horizon Eaſternly: The 
lame is obſervable as well in the Sun as in — 

cars: 
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the Stars, is from the Weſt to the Eaſt, being op- 
. poſite to the firſt Motion: But ſince they proceed 
not always in the ſame Parallels, and change their 
Declinations variouſly, not in divers places, but in 
thoſe only through which the Zodiac with its' 12 
Signs marches : *Tis alſo manifeſt that theſe ſecond 
Motions are made according to the order of the 
Signs, Soc. : LEM 
2. And they are always joined to the firſt Moti- 
on, and ſo mixt with it, that they cannot be ſepa- 
rated from it, unleſs by Imagination: Whence alſo 
in explaining the firſt Motion, mention alſo ought 
to be made of the ſecond; which ought not to be 
blamed, for thoſe things which Nature hath con- 
Joined, the Method cannot be —_— N 

5. And whether or no this Motion of the Stars be 
equal, or unequal, is doubtful among Aſtronomers. 

Indeed it appears to the fight to be unequal, while 
ſome Planets proceed one while flower, another 
time ſwifter, one while higher, another while low- 
er, ſometimes they march, at other times they ſtand 
ſtill, or alſo we diſcover them to go backward : But 
this is thought many times to be by reaſon of the 
many Circles and Orbs, and the diverſity of Centers, 
which Motion can be equal only about the proper 
Center ; from whence the Heavenly Motions, to 
thoſe that live on the Earth, and behold them from 
another Center, ſeem unequal, which are moſt equal 
every one in the Heavens abour its Center, and 1ts 
Poles. | 

But fince the Ratios of Phy/icks, of Aſtronomy, 
and of Opticks, do not admit of real Orbs, and di- 
vers Circles; and the diverſity of Centers, and of 
Poles, appearing unequal in all, can ſcarcely be ex- 
cuſed : There is found out among many Moderns, 


eſpecially thoſe which eſteem the Sun in the Center 


of 
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of the World, for the Fountain not only of Light 
and Heat, but alſo of all Motion, which alſo admit 


of ſome inequality in the Motion of the Stars, and 


will have thoſe Stars to be ſwifter that are nigheſt 
to the Sun, and to be {lower by how much the more 
they are remote from it: Nevertheleſs whether 
true or apparent only, tuey think that there is in- 
equality in the Celeſtial Motions. 

6. Vet "tis moſt certain that they are not Irregular, 
and without Order, but are moſt Regular, and in Or- 
der : Which is evident from this. 


1. That the Stars always abſolve or compleat 


their Circuits, in fix*d and like ſpaces of times. 

2. That after the whole Period is compleated, 
they run back again the ſame Anomaly, in the ſame 
plain manner, by a moſt conſtant Equality : There- 
fore the Motion of the Heavenly Bodies muſt needs 
be moſt Regular and Ordinate. | 


This is all we ſhall ſay of Phyſical Hypotheſes. 


CHAF. 


F Geometrical Hypotheſes of Spherical Doctrine, 
to wit, of the Primary Celeſtial Circles. 


LCNIRCLES indeed there are none in Hea- 
ven, ſince all its parts are every where molt 
like to it ſelf, yet by Imagination we are not hin- 
dred to aſcribe certain Circles in the Heaven, as well 
to diſtinguiſh the Site, as to deſign the Motion of 
the Stars. TALE 1 | 
2. Theſe Circles 4ftronomers divide into 360 
Parts or Degrees, every one of which they ſubdi- 
nde into 60 Scruples, or Fitſt Minutes, and each of 


+}. 
ne 
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the Firſt Scruples into 60 Seconds, a Second into 60 
Thirds, a Third into 60 Fourths, c. 

For becauſe Heaven is very Large, it is not ſufficient to affi 
to Stars their Circles; but alſo it muſt be ſhewn what part of Fa 
Circle they are in: To the ſhewing of which the Sexagenary 
Diviſion ſeems moſt Commodious, becauſe of its many Aliquot 
Parts or Multiplicities. | 


1 1 And of theſe Circles, ſome are Greater, others 
eller. 

4. Greater, are thoſe which paſſing through the 
Center of the Earth, divide it into Two equal Part. 


Leſſer, are thoſe whoſe Centers are Divers from the 


Center of the Earth, and therefore cut it into Two 
unequal Parts. | | 

But whether they are greater or leſſer Circles, yet 
all of them are divided in the ſame manner into 360 
Parts, and each Part into 60 Scruples ; all which 
parts therefore are not indeed equal, yet they ate 
_ alike, or Homologuous and Proportional. 

5. Aſtronomers in Spherical Doltrine, number Ten 
Primary or Chief ones, of the Greater and of the 
the Leſſer Circles, which are, | 

1. The Eguinoctial. 5. 6. The Two Colures. 

2. The Horizon. 7. 8. The Two Iropicks. 

3. The Meridian. 9. Io. The Two Polars. 

4. The Zodiac. 


OF theſe the fix former are great Circles, and the | 


four latter, ſmall or leſſer Circles. 

The Meridian and the Horizon, in reſpeQ of one 
place, are appointed Immoveable : The reſt in the 
common Motion of the Stars are underſtood to be 
turned about together. | 

I. Of the Eguinoctial. 

5. The Equinoctial, which is alſo called the Equa- 
tor, s a Movable great Circle, deſcribed from the 
Center of the Earth, dividing the Heaven and the 
Earth in the Middle, into the Northern and South- 
ern Parts : According to the leading of which, Far 

| 70 
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whole number of Stars ſeem to be turned about from 
the Eaſt into the Weſt. 1 
1. The Parts or Degrees of this Circle are wont 

to be called by the peculiar name Times, becauſe 
they meaſure Days and Hours. 
2. In it are conſidered the Axis and Poles thereof. 

Axis, is a Right Line drawn by Imagination thro? 
the Center of the Earth, from the South into the 
North, and Terminated at the Extream of Heaven on 
. | 

Poles, are the two Extream Points of this Axis, 
diſtant 90 Degrees, or the Quadrant of a Circle from 
the Equator, ( as are the Poles of all greater Circles 
from their Circles ) the one being Northern, is cal- 
led the Ardic, or North Pole; and the other, being 
Southern, is called the Antardic., or South Pole; a- 
bout which Poles the Immoveable Stars are ſeen to 
turn daily, ſee Fig. 132. Whence alſo that Axis, and 


theſe Poles. are accounted for the Axis and Poles of 


the whole World: In this Scheme the Circle ABC 
is the Equator, whoſe Axis EFF paſſes through the 
Center 6. | 
„„ 2. Of the Meridian. | 
7. The Meridian, ic an Immovable Circle drawn 
through the Poles of the Equator, and the Vertical 
Point of any place, Fig. 133. 
Whence it appears, that there may be conceived 
not only one, but ſo many Meridian as there are 
Vertical Points, or diſtinct places, that happen in 
paſſing towards Eaſt or Welt ; that is in Number: 
For a Vertical Point, is that which hangs over our 
Heads in any place, and in Arabic *tis called Ze- 
nth, and its oppoſite Point, the Nadzr. 
33, Of the Horrzon. 
_ 8. Horizon on Finitor, ig an Immovable Circle, equi» 
diſtant from the Vertical Point, and either Ternnna- 
ling our Sight, or dividing the whole Earih, and with 
8 it 
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it therefore the Viſible World in the Middle, into 
the upper and lower Hemiſphares. 


Whence it appears, I. That the Horizon is two- 


fold, one of which is Vi/tb/e, Terminating the fight 
on every fide : The other Rational, parting the Hea- 
ven and the Earth in two in the Middle, not com- 
prehenſible by Sight, but only by Reaſon. 


2. And ſeeing the Horizon alſo depends on a Ver- 
tical Point, *tis neceſſary likewiſe that there ſhould 


be ſo many Hori ons, as Vertical Points, numbred 


as well from the Eaſt into the Weſt, as from the 
South into the North, Eg. 134. 


Of the Zodiachk. 


9. Zodiack or Signifier, is an Oblique Circle, in- 
terſeding the E in two places, and declining 
from the ſame, by one balf into the North, by the 
other into the South; under which the Planets are 
perpetually converſant : The Sun indeed always 
marching under the middle of the Ecliptic Line; but 
the reſt departing alſo to the Sides of the ſame. 


1. This therefore is the only Circle that hath 
Latitude, almoſt of 20 Degrees (of which its Lon- 
gitude hath 360) being Ten Degrees on each fide 
from the Ec/iptick ; to wit, as much as the Pla- 
nets march hence from the Middle Line in their 
greateſt Longitude. | 


2. This Middle Line the Sun deſcribes by its 
proper Motion, which for that reaſon is called 
the Way and the Orbit of the Sun; likewiſe tis 
called, The Eclipric Line, becauſe the Luminaries 
the San and Moon are Eclipſed in it, either by Con- 
 Junttion or Oppoſition. 4 


3. And 
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3. And the Zodiac or Ecliptic alſo hath its Axis 
and Poles, about which the Planets finiſh their Cour 
ſes in the Zodiac, one of them is North, and the 
other is. South, each diſtant from the neareſt Pole 
of the Equator, ſo much as the Zodiac by its 
greateſt Obliquity departs from the. Equator. Fig. 
132. n 85 8 


As in this Scheme, the Circle A BC P, is the E- 


quator, whole Axis E F paſſes through the Center 
C; But H BID is the Zodiac, whoſe Axis is KL: 
And the Poles, K and L are fo far diſtant from the 
Poles of the Equator. E and E, as the Points of rhe 
Equator and of the Zodiac A and H, or I and Care 
removed from one another: For A Fand Z L arg 
Quadrants, (.becaute the Poles are always diſtant 
from their Circles by a Quadrant) and therefore are 
always equat: The common Portion A E being ta- 
ken away, the remainer A V, 1s the diſtance of the 
Equator, and of the Ecliptic ; Alſo LE, the diſtance 
of the Poles, are equal. 


4. Moreover the Zodiac alſo is divided into 12 
Parts, which are called the 12 Celeſtial Signs, fim 
the 12 Conſtellations which haue been in time paſt in 

n 4 _ . N . : of >: 
thoſe parts ;, dhe Name of every one of which Parts 
is as yet retained, although the Conftellutions have 
1 4 * . f ; 2 0 2 2 , X |; 
left thoſe ancient or former Seats, and habe removed 
into following Places. 


5. Theſe 12 Parts or Signs, are alſo the aforeſaid 


mentioned Conſtellations ; of which the Xames and 
Notes are theſe. 


Sag tary. 


7 198 . | 2 Leo. 7 

B Taurus. . Virgo. r Capricorns. 
Gemini. = Libra. = Auqudrius. 

S Carer, m. Scorpio. X Piſces. 
= 5. In 
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6. In theſe are noted four Cardinal Points, which 


are | 
F i465 Y 4 4 — ria 
| 3 Libra. 
« - The beginning Of 5 
o vw i C Of Capricorn. 


The two former, the beginning of Aries and Libri, 
are in the Points of Interſection of the Equator and 
the Ecliptic D and B : And the two /atter, 1n the 
Points of the greateſt Obliquity, or of the declinz- 
tion of the Ecliptic from the Equator H and l: 
Theſe, viz. o Y, o , are called Equrinothd 
Points; the firſt indeed the Verna/, whence the be- 
ginning of the Zodiac is placed; the latter A: 
tumnal, becauſe the Sun being in them, which is 2. 
bout the Tenth or Eleventh of March, and the 8 
Thirteenth or Fourtegnth of September, makes the WW F 
Equinox, and the Days and Nights equal in all the I C, 
Earth. whit 

But theſe, to wit, o S and o W, are called Ir. y. 
pical and Solſtitial Points; the firft indeed pertain- . 5: 
ing to Summer, the latter to Winter; becauſe the 'S CL 
Sun being Conſtituted in theſe, as it were fixes his I ing 
Foot, and either begins to depart from us, or to ett 
return to us, which is about the Eleventh and I call: 
Twelfth of Zune, and the Eleventh and Twelfth of I terre 


A 5 
7. And theſe Signs are diſtinguiſhed variouſly. __ 

_ C The Spring. 
I. Into four) Summer. 0 
Quadrants of-) Autums. the þ 


Winer, 


For the Sun being conſtituted in theſe Signs, gil 
makes theſe Four Seaſons of the Year, the Spring, 


Summer, Autumn and Writer. 
2. Into 


nto 
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in the Middle, 


| Circle, of which, ( 


* 
* 


„ Southern M 2 was x. 
Far thoſe Bigns paſs from the Equator into the 
North, but theſe from the fame into the South,  * ' 


3. Into TwaFAſceading, 7 w x4 Y & I. 


in the Middle. Deſcending. S Kin 7, 


For by or throygh thoſe, the Sun aftends to us from 


the South into the North; By theſe he deſcends 7 ram 
ws, from the North Coaft into the South. ©. © 


4. Into 4 Tripli- 
eities or Trigons, 
diſtant from each 
other 3 part of a 


A. 


12. The Fiery. 5 
y dM vw, 


2. The Earthy, 
3. The Airy. . H. 
4. The Watery 9 SM X, 


Fg. 135. In theſe Trigons of Signs, are made the 
Conjuntions of the three ſuperior Planets /h 1 & 
which Aſtrologers call Great; of which we ſhall 
ſax more hereafter. TE 

5. Laſtly, we muſt Note, that the whole Heaven 
is cut into Twelve Parts, by Six great Circles paſs 
ing through the Beginnings, and through the Poles 
of the Ecliptic, which alſo, generally ſpeaking, are 
called Signs: And in this manner all Stars are re- 
texred to certain Signs, as well within, as without 
the Zodiac, which are comprehended under ſome of 
theſe Parts. Pg. 136. s 


10. Colures, are Crreles drawn through the Poles of 
he Equator, and the Cardinal Points f the Zodiac. 


The former of theſe drawn through the Equivo- 
dial Points is called the Eqrizox Colure ; The lat- 
ter, paſſing rhro* the Solſtitial Points, is called the 
Solſtice Colure. 
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Fig. 137. =_ are called Colures, as being mai. 
med or imperfect, and having a Tail, becauſe in an 
Oblique Sphære, they have ſome Parts lying hid 
under the Horizon, as it were a diminiſhed Tail. 


J. 8. Of che Tropicks. 


f ä 1 I. Tropicks, are two leſſer Circles drawn Paral. 
lel to the Equator, through the Solſtitial Points of the 


Zodiac. 


One therefore is the Tropick of Cancer, which is 
drawn through the Summer Solſtice: The other, the 


Tropick of Capricorn, which is drawn through the 


Winter Solſtice. _ 


9.10. Of the Polar Circles. 
12. The too Polar Circles, are leſſer Circles drawn 


Parallel to the Equator, through the Poles of the 


Echiptich. 7-40 + „ 
Therefore one of the Polar Circles is the Arfic, 
which paſſes through the North Pole of the Eclip- 
tick : The other the Antarctic, paſſing through the 
South Pole of the Ecliptick. Notwithſtanding a- 
mong the Antients, the Ratzo of the Polar Circles 
hath been otherwiſe, for they have made them in- 
deed Parallel to the Equator, but paſſing through 


the Interſections of the Horizon, and of the Meri 


dian. Ps 
In Fig. 138. Is a Scheme of the Principal Paral- 
lels of the Equinottial. 

ABC is a Meridian, or a Colure, A Can Oblique 


Horizon, or of an Oblique Sphære, D E the Eclip- 


tic, DF and GE, the Tropicks of Cancer and C4- 
pricorn, equally. remote from the Equator, which 1s 
placed in the Middle: ¶ the North Pole, IK the 
Arctic Polar; L the South Pole, M N the Ant- 


arctic Polar: Of the Moderns A O, touching the 


- Hoxizon 
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Horizon in A, is the Arctic; CP, touching the Ho- 


ſzon in C is the Antarctic of the Antients. 


w—_— 


CHAs Wi: 5 
Of the Secondary, or Second Sort of Circles, 


1 


. A have added ſome Seconda Circles 
to the Prime Circles rebrarſed before; of 
mhich there are .. 151 


1. Of Declination. | 5. Of Cæleſtial Honſes. 
2. Of Latitude. 6. Parallels of the Equator... 
3. Verticals. 7. Parallels of the Horizon. 
4. Of Poſition. | TPO) , 


2. Circles of Declination, are thoſe which are un- 
derſtood to be drawn through the Poles of the World, 
% ( 
The Principal of theſe is the Meridian of any 
place, and from the number of them, each Colure. 


» 


3. Circles of Latitude, are thoſe which paſs thro 


the Poles of the Ecliptic, and any Point of Heaven. 
One of theſe is the Colure of the Solſtices, which 

is drawn, not only through the Poles of the World, 

but alſo of the Ecliptic, | | 


4. Verticals, are Circles which deſcend from the 
Vertical Point of any Place or Zemith, to the oppo- 
fite Nadir, thro each Point of the Horizon. 

Again, of the Number of theſe is the Meridian 
of any place: the others are called by the Arabians 
4zmuth Although they alſo call by this Name, 
the Arch of the Horizon, intercepted berween theſe 
Circles, and the next Meridian, or Equator. _ 

z 7: 5, Cir- 
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gs ZFpjoilnſifof Adr, . Bech! 
J. Circles of Pofition, are 1hgſt tobieh paſs this 
the Sectiont of the Horiztn and the Meridian, thi 
—r of Heaven, = _- 
The chief of theſe are the Horiaon and the Ile. 
#:dian of any plJcg. © * 5 ©) 
6. Circles of Cœleſtial Houſes, are thoſe. which 
paſs. through the Seftions if the Horizon and Meri. 
 dian, and each 30 Degrees of the Equator, in nun. 
bring from the Horiæun; and ſeparate the Heaven 
ini 12 Parts, as it were Houſes, | 


_ Theſe Circles differ not ing pon Circles of Po. 
t 


ſition, but that theſe paſs through any Point of 
Heaven, but the Circles of the Celeſtial Houſes be- 
gin from the Horizon on the Eaſtern Part, or as tis 
caled from the Horoſcope, and hence by deſcending 
are conveyed through the lower Hemiſphere, and 
any thirtieth Degree of the Equator. | 
J. Parallels of the Equator, are Circles eguidi. 
Rant from the Equator on both fides; of the number 
of theſe are the two Tropicks, and the Polar Circles, f 
and others called the Circles of Natural Days, pulſing 4 
through each Degree of the Ecliptic, which the S P 
ſeems to deſcribe daily; the Limits or Bounds of which, 
% OE = 
_ 8. Parallels of the Horizon, are drawn through M ca 
each Point of the Vertical Circles, tunidiſtant to iht O. 
Horizon. © 1 85 5 | 
- Theſe Circles are called in Arabick, Almican. 1 T. 
thars : Alſo Circles of Altitude, which as are alſo 
the Parallels of the Equator z by how much further ha 
they are removed from their Principal Circles, the or 
f Horizon, and the Equator, they become leſſer until th 
a kt laſt they end in Points; which in Parallels of the te 
; Horizon are the Zenitb and Nadir; bur in Para ry 
lels of the Equator, the two Pales of the World. 


TD Thus far of Geometrical Hypot heſe = Sf 
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Mi „ 


1. Of a Material Sphere, and Heavenly Globe, the 
| Inſtruments of Spherical Doctrine, and the 
general Uſe and Direction of them. Fig. 139. 


I. Material Sphere, or an hollow Sphere, made 

wp only 1 the Circles, is any Effigies of the 
Mundane Sphere, made Artificially of Circles, by 
which, and by 1 and Cwleſtial Hypothe- 
be ee, from the firſt movent, are the Explanation of 
tis the common Dependency of all the Stars; and in the 
no il Explanation of Spherical Doctrine, they are made 
nd i Subjed to the Eye, for the ſake of greater Declara- 


tion, and more evident Demonſtration. 


er 2. A Celeſtial Globe, in like manner, is the Image 
the Starry Heaven ;, beſides the Circles, it be tos 
%o the Afteriſms of the Stars in their Magnitude, 
Proportion, and Diſtance each to other. | 


ch, For thoſe in the Heavens remoteſt from us are 
ſcarcely taken, but by aſſuming not only Geometri- 
cal Hypotheſes, bur alſo we are help'd by meet 
e Organs and Inſtruments, fince they preſent the 
W Hypotheſes to the Sight, and as it were to the 
1. Touch. - 
1 And although divers Inſtruments of this ſort 
er WW have been Invented by Artificers, and always new 
ones may be found out, yet the moſt Noble, Ca- 
W tholick and Univerſal, are the Globe, and the Ma- 
the terial Sphere, which we chuſe to uſe, as being eve- 
al ry where moſt obvious. 


2. And the parts of bath, as well of the Material 
Sphere, as of the Heavenly Globe, arc, the Center, 
the Ats, tbe Poles, the Circles. 

T4 4. 
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> Of ASTRONOMY. B 
4. The Center, is the middle point in a Sphare, 


or Globe, reſembling the Earth, from which, as from 
an Optic Center, we contemplate the Heaven. 


5. The Axis, 7s a Right Line drawn through the 
Center of the Sphere, or Globe, to the Circumfer- 
ence , about which the Globe or Sphare is turned 
round, repreſenting an imaginary Line drawn ibro 
the Center of the Earih, from one Extream of Heu- 
ven 10 the other ;, about which the Starry Heaven, is 


 wnderſiood to be turned round, by the firſt Movent, 


or Motion, even as a Wheel about its Axis. 


6. Poles, are the Extreams of the Axis, repre- 
ſenting, as it were, the two Cardinal Points by the 
Wor'd, about which Immoveables, the whole Cœleſtial 
Syſtem ſeems to be turned round; one of which, 
being in the North, is called the Arctic; the other 
towards the South, is called the Antarctic Pole. 


That, in Heaven, is next to the laſt Star in the 
Tail of the leſſer Bear, which is called the leſſer 


Bear Star, as alſo the Pole Star: But this, that is, 


the Antarctic Pole, is converſant in a vacant place 
of Heaven, oppoſite to the notable fixed Stars. 
But on Earth the North Pole is from hence be- 
yond the Icy Sea, which is behind Dexmark, Nor- 
way, and Tartary, in an unknown place; the South 
Pole in the very middle of the Magellanick Earth, 
as yet allo unknown. | 
. be Circles made in a material & Pere, Or 
Painted on à Globe, arc chiefly 10, reckoned up as 
before. „ : 
1. The Horizon. 2. The Meridian. 3. The E- 
quator. 4. The Zodiac. 5. 6. The Two Co/ures. 
7. 8. The Two Tropicks. 9. 19. The Two Po- 
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Theſe ſhew or reſemble certain Tracts of Hea- 
yen, of which ſome of them otherwhile is divided 


uniformly, in parts diſtinct to the places. 


8. And althoueh we have ſaid before, that there 
are innumerable Horizons and Meridians, according 
to the variety of Vertical Points; yet one Horizon, 
and one Meridian is ſufficient to all places in a 
Sphere or Globe that turns, and may be moved about 
by ones band, to any Vertical Point. 


9. Beſides thoſe Primary Circles, there is uſually 


added in Globes, many» Circles of Latitude, and of 


Declination, or likewiſe moveable Semicircles, or 
9adrants of Braſs, palling about the Secondary Cir- 
cles by Turns, to wit, the Vertical Circles, the Cir- 
cles of Poſition, the Circles of the Celeſtial Houſes, 
and the Circles of Latitude and Declination. 


10. Alſo to our North Pole, there is uſually af- 
fixt an Hour Circle, divided into twice 12 Hours, 
having an Index on it, turning about together with 
Ide Globe. 


11. Laſtly, on the Convex Superficie of the Globe 
there is deſcribed the aforeſaid Aſteriſms, or 48 
Starry Images, obſerving the Proportion of Magnz- 
tude and Diſtance, which the Stars are diſcovered 
to have between themſelves in the Heavens. 


12. And in the uſing of this Celeſtial Globe, two 


things are required. 


I. Its Reftification, 
2. Its Ulſe. 


vo 
12. The Re@ijicat 1077 of the Giobe 1s ib. 


t. The 
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282 Of ASTRONOMY. Bokl, 
1. The Globe muſt be fitly diſpoſed to the Coal 
of the World, ab may be d by finding a 115 


ridian Line, or by the Compaſs, or other ways, which 


we ſhall ſhew hereafter. | 
2. The Artic or North Pole muſt be Elevated, ar 


each place requires. 


Which Elevation is here at London 51< : 32': 
And for other places, the Elevation of the Pole is 
to be ſought from Aſtronomical, or Geographical 
Tables, under the Title of the Latitude of the 
Place, which is the ſame with the Elevation of the 
Pole ; or if theſe be wanting, you may find it from 
Geometrical Maps. | 


3. The place of the Sun in the Ecliptic muſt be 


' ſought to ſome day given, not exattly, but alſo with 
ſome Latitude. - 


1. From ſome Diaty or Journal, or by an Almanack. 


For in theſe, is noted the day of the Suns En. 
trance into each Sign of the Zodiack : Hence there- 
fore, if for any day following, you number one De- 
gree io the day propoſed, you will arrive at the De- 
gree of the Sign 57 the Zodiack, which the Sum en- 
zers on the given day. | 


2. From the Circles of Months and Days of the Year, and of 
the Signs and Degrees of the Ecliptick, 


Theſe Circles are ſeen in the Wooden Horizon of 


Celeſtial Globes, and elſewhere, in which the 
Months and Days of the Year, with the Signs and 
Degrees of the Zodiack are placed. | 

In theſe therefore, it you ſeek the given Day 0 
the given Month (for which notwithſtanding in 
the Leap-year, or Biſſextile, after the Twenty eighth 
ot February you muſt take the $ollowing day next 

. | o 
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to the given, becauſe the Twenty ninth of Fe- 
bryary iS uſually thruſt in between in the Calen- 
dars, and is omitted in theſe Circles of the Hori- 
Zon ) you will alſo find aſcribed the Degree of the 
Sign of the Zodlack, in which the Sun is conver- 
ſant the given Day. 


4. The Degree of the $ un being found, and noted 


on the Globe by a certain mark, ſuppoſe in the Me- 


ridian Circle. 


5. To the ſame upper part, or the Twelfth Me- 
ridian Hour, in the Hour Circle, the Poſition of the 
Globe being not. changed, turn likewiſe the Hour 
Index hence, together with the Globe, to any Hour 
of that Day, to be transferred either before or after 
Noon. 


t4. The uſes 4 the Globe, refified in this man- 
ner, are either General or Special. 


15. The General are, 


1. That the Hour Index being conveyed to any 
Moment of the Hour Circle, the Face of the whole 
Heaven, and the Poſition of all the Fixed Stars at 
the ſarne Moment of time is underſtood. 

2. But in the Night, the Hour Index being con- 
veyed to the Hour, or the Moment of it, in which 
you have decreed to Contemplate the Stars, you 
will have not only the whole Conſtellations, but 
alſo each Star (approaching by the frequent Exer- 
ciſe, and on every fide obvious Catalogues, in which 
is ſhewn each Star of every Conſtellation, by dili- 
gent Inſpection) may be known, with the Stars of 
Heaven, that anſwer to the Fixed Stars painted on 
the Globe, cutting Perpendicularly, acsording to a 
Right Line. = 
= 16, The 
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© 16. The Special »ſes of Globes, are. C 
That by the Benefit of them, the Site and Motion 4 
of the Stars are not only eafily underſtood, but al- 7 
ſo uſing the Compaſſes we may meaſure them, as 
if we were walking among thoſe Stars : 
Of which Uſes we ſhall ſay more in that which 2 t 
follows. | 1 1 
e 5 288 FI 
CHAP. VII. b 
Of the Various Sites of the Stars, and other 1 
Points of Heaven, to the determining the d 
Circles of Heaven, and of the Globe. A 
TE Stars, although they are in continual Mo- * 
tion, yet oftentimes the Site or Poſition of 2 
them is confidered in ſome Moment of Time, with it 
reipect to a certain place, as if they were fixt there be 
in a perpetual Seat: And there are are divers kinds or 
of theſe Sites. : 
in 
i. Ihe Altitude of the Sun, or of a Star, or of 
any Point of Heaven, is an Arch of the Vertical an 
Crreie, intercepted between the Horizon, and ihe H. 
given Point of Heaven. f | 
It is always increaſing, until the Sun, or Star, or " 
any Point of Heaven come to the Meridian, in 7 
which it arrives to the greateſt height of that 1, 
Day, from which Moment it begins again to de- = 
creaie ; 44... = 
'2. The giftance of the fame given Point from fe 


the Veriex, is an Arch of the Vertical Circle, in. ' 
tercepted NW © 
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tercepted between the Point given of Heaven, and 
6 2533 5 
And it is the Complement of the Altitude to a 

Quadrant; which Altitude, if you take from 90 
Degrees, you will have the diſtance from the Ver- 
tex. 5 VVV „„ 

3. The declination of any of the Points of Hea- 
ven, from the Equator towards the North or South, 
is an Arch of the Circle of Declination, intercepted 
between the Equator, and the given Point of Heaven. 
Fig. 140. are. 

As in this Scheme 2b c is the Meridian, 2 /c.the 
Horizon, g e f an Arch of the Equator, the Poles 
d and &, b2zh an Arch of the Vertical Circle, dz e an 
Arch of the Circle of Declination, i ſome Star gi- 
ven, whoſe Altitude will be h; its diſtance from 
the Vertex 7 b, and the Declination e 7. Ys 
4. The Elevation of the Pole, or the Altitude of 
the ſame, is an Arch of the Meridian, intercepted 
between the Horizon and the Pole of the Equaor, 
or the apparent Pole of the World. 

As in the 140 Fig. dea is the Poles Elevation, be- 
ing at London 51? : 32, it is otherwiſe elſewhere. 

5. The Elevation, or Altitude of the Equator, is 
an Arch of the Meridian, intercepted betrocen the 
Horizon, and the Equator. 


That is, the Complement of the Elevation of the 
Pole to a Quadrant, with us at London 389: 280: 
In the aforeſaid Scheme, the Arch Fc is equal to 
db, the Complement of the Altitude of the Pole 
da, to the Quadrant b a: For d f and bc are Qua- 
drants, deſcribed from their Poles d and 6, from 
which if you take away the Common Arch 5, it 
will neceſſarily follow, that the Remainers d& and 

Fe are equal; ſeeing that, if from equal things we 
take away equal, or that which is common ro the 


lame, 
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286 Of AST RON OMT. Boch l. 
lame, the Remainers that are left will be equal. 


6. The diſtance of the Vertical Circle, either from 
the Meridian, or from the Equinoltial, is an Arch 
of the Horizon, drawn between the Vertical Circle, 


through a certain Point of Heaven, and either the 


Equator, or the next Meridian. 


And this diſtance the Arabians are wont to call 
Azimuth, as aforeſaid ; in the former Scheme the 


Azimuth of thg Star z, is the Arch ah, or h J, one 


- which is the Complement of the other to a Qua- 
ant. L | 
7. The Eafterly, or Orèlive Amplitude, is an Arch 
of the Horizon intercepted between the Equator, 
which cuts the Eaſterly part of the Horizon ) and 
the Point of the Stars Riſing, or of any Point of 


Heaven. 


In the precedent Scheme, the Arch / zz is the Am- 
plitude Orctive of the point . In the Weſtern part 
of the Horizon, is numbred in the ſame manner the 
Weſterly Amplitude: for by how many Degrees 
the Sun, or a Star's Riſing, is diſtant in either part 
from the Equator, by ſo many Degrees alſo, very 
near, it will appear deſcending from the Welt part 
of the Equinoctial, towards the fame part of Hea- 
ven. 

8. The Longitude of a Star, is an Arch of the 


Ecliptick intercepted between the Point of the Ver. 


nal Equinox, and the Circle of Latitude of Ibe 
Star. 

9. The Latitude of a Star, is an Arch of the Circle 
of Latitude, intercepied between tbe Ecliptick, and 
tbe given Star. * | 

10. Ihe Right Aſcenſion of a Star, is an Arclvof 


the Equator, between the place of the Vernal Equi- 
nox. and the Circle of Pechination of the giben 
| 1 
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Tis ſo called, becauſe the Quantity agrees with 
the Aſcenſions above the Horizon, which the Stars 


have in a Right Sphere. Fg. 141. 


in this Scheme 4 BC is the Colure of the Sol- 


ices, A D C half the Equator, and the Pole of it B, 


but EDF is half the Ecliptick, and irs Pole G; the 
Vernal Equinox is in D, and H is the given Star; 
BHT is the Arch of the Circle of Declination, and 
G H K an Arch of the Circle of Latitude : Where- 
fore H I is the Declination, H K the Latitude, DR 
the 3 D I the Right Aſcenſion of the 
Star H. 


11. The Midheaven, is an Arch of the Eclipric, 
intercepted between the Point of the Vernal Equi- 
nox, and the Meridian Circle, paſſung through the 
given Point of Heaven. | 


Where Note, That alſo an Arch of the Equino- 
Qial, which with any Arch of the Ecliptick, paſſing 
through the Meridian, is ſometimes called the Mid- 
heaven, or the Right Aſcenſion of the Mzdbeaven. 

In the Antecedent Scheme, Fig. 141. if ABC is 


taken for the Meridian, D E will be the Midheaver 
of the Point A. 5 


12. And from the Section of the Horizon, and the 
Equator, ariſes the Drverſity of a Right Sphere, and 
7 an Oblique, and a Parallel Sphere. 

13. A Right Sphere, is that, in which the Hori- 
* and the Equator cut each other at Right Angles. 

8. I44- 

In this Poſition, neither of the Poles is Elevated 
above the Horizon, but both are in the Horizon, on 
which alſo the Axis of the Sphærę leans upon. 

14. An Oblique Sphere, is that in which the Ho- 
acm and the Equator cut each other at Oblique An- 
gles, as in Fig. 145. | 
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5 15. A Parallel Sphere, 1s that. in to ich the Ho- 2 


and we enter into another Horizon, diſtant alſo by 4 
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In this Poſition one of the Poles is Elevated above 
the Horizon, more or leſs; the other is depreſſed i 
beneath the ſame : And the Axis of the Sphaze in- 
liſts on the Plane of the Oblique Horizon. 


rizon, and the Equator, cut not eath other, but are 


made Parallel, as if they were United. Fig. 146. 


In this Poſition, the Pole of the Equator, and the IN 
Pole of the Horizon; the Zenith, and the Nadir, MP 
are joined; and the Axis of the Sphære inſiſts on a 
Plane, perpendicular to the Horizon. 


And there is but one Right Sphære, and but one felt 
Parallel; but Innumerable Varieties of Oblique ¶ not 
Sphæres, in which one of the Poles is Elevated et. 
more or leſs : the Cauſe of which Diverſity, is ne- rizc 
ceſſary to be known of young Beginners: For the MY 20n. 
Heaven or the Earth is not changed ever and anon, Cen 
fo as now to make a Right Sphere, by and by an It e 
Oblique Sphære, and at laſt a Parallel Sphzre : But ¶ cont 
we, the Inhabitants of the Earth, behold Heaven in 
Divers Manners, from the place of our Habitation; I Hori 
for the Sphære of the Earth is alfo every where 
Habitable, and Heaven every where above or up- Wile r 
Wane | 1 
Therefore they which Inhabit under the Circle of 
the Equator, which encompaſſes the Earth in the 
middle, and is diſtant from the Poles by a Quadrant 
of a Circle: To theſe the Poles of the Horizon reſt 
on, and theſe are faid to Inhabir in a Right Sphære, 
in which all the Stars Riſe and Set Daily. | 


If we depart from hence, and proceed towards 
the North, we go under another Vertical Point, 


live, 
| ally 
Quadrant from our Vertical Point, cen as the "I 
N * 


i 


E 
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of the Horizon; ( for Poles are diſtant from their 


Circles by a Quadrant) Therefore now we number 
to the Pole of the Equator, or to the North Pole 
of the World; nor more than a Quadrant, as before, 
but fomewhar leſs than a Quadrant, and the Pole is 
ſeen above our new Horizon, a little elevated, and 
an ng = Sphaære is begat, in which the Stars near 
to the Pole do not any more Riſe and Set, but 
make their Circuits above the Horizon; bur the 
oppolite Stais are carried beneath the Horizon, and 
become altogether Inviſible : And this Elevation of 
the Pole becomes always greater, by proceeding tos 
wards the North, until we come under the Pole it 
ſelf, and then we obtain a Parallel Sphære, in which, 

nothing more of the Fixed Stars neither Riſe nor 

Set, but half of them are always ſeen above the Ho- 

rizon, and half of them remain beneath the Hori- 

zon, and not to be ſeen : Therefore if from the 

Center of the Globe we conceive the Superficie of 
it every where upwards, even as from the Earth we 

contemplate the Heaven every where above us; the 

Pole is not elevated, which is Immoyable, but the 

Horizon is changable; we proceeding towards the 

North, and proceeding on in an Immoyable Globe, 

the mutable Horizon will come to be depreſſed fo, 
mat the Pole is elevated above it: Bur becauſe this 

5 contrary to our imagination, therefore we accom- 

modate it to our underſtanding, and the Pole re- 

Mining in the Horizon; with it we alſo only ele- 

te or depreſs the Globe. Concerning this thing, 

confider the appoſited Inſtrument, Fig. 142 and 143, 

n which the Kortundity of the Earth, according to 

te Latitude; variety of Sphæres, Right, Oblique; 
and Parallel, and all thoſe things which we ſhall 
liver hereafter concerning Artificial Days, may be 

ally underſtood. 
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In this Poſition one of the Poles is Elevated above 
the Horizon, more or leſs; the other is depreſſed 
beneath the ſame: And the Axis of the Sphaze in- 
fiſts on the Plane of the Oblique Horizon. 


5 : 15. A f ry ar allel Sphere, 19 t hat, in which the Ho- 


rizon, and the Equator, cut not eath other, but are 
made Parallel, as if they were United. Fig. 146. 

In this Poſition, the Pole of the Equator, and the 
Pole of the Horizon; the Zenith, and the Nadi, 
are joined; and the Axis of the Sphære inſiſts on a 
Plane, perpendicular to the Horizon. 


And there is but one Right Sphære, and but one 


Parallel; but Innumerable Varieties of Oblique 


Spheres, in which one of the Poles is Elevated 
more or leſs : the Cauſe of which Diverſity, is ne- 
ceſſary to be known of young Beginners: For the 
Heaven or the Earth is not changed ever and anon, 
ſo as now to make a Right Sphere, by and by an 
Oblique Sphære, and at laſt a Parallel Sphzre : But 
we, the Inhabitants of the Earth, behold Heaven in 
Divers Manners, from the place of our Habitation; 
for the Sphære of the Earth is alſo every where 
Habitable, and Heaven every where above or up- 
ward. | ON 

Therefore they which Inhabit under the Circle of 
the Equator, which encompaſles the Earth in the 
middle, and is diſtant from the Poles by a Quadrant 
of a Circle: To theſe the Poles of the Horizon reſt 
on, and theſe are ſaid to Inhabit in a Right Sphære, 
in which all the Stars Riſe and Set Daily. a 


If we depart from hence, and proceed towards 
the North, we go under another Vertical Point, 
and we enter into another Horizon, diftant alſo by 2 


Quadrant from our Vertical Point, even as the "_ 
| ($) 


Book, 
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e Hof the Horizon; (for Poles are diſtant from their 
Circles by a Quadrant) Therefore now we number 
„to the Pole of the Equator, or to the North Pole 
of the World; not more than a Quadrant, as before, 
bur fomewhar leſs than a Quadrant, and the Pole is 
ſeen above our new Horizon, a little elevated, and 
* Ba ae Sphære is begat, in which the Stars near 
to the Pole do not any more Riſe and Set, but 
make their Circuits above the Horizon; but the 
oppoſite Sta1s are carried beneath the Horizon, and 
„become altogether Inviſible : And this Elevation of 
the Pole becomes always greater, by proceeding to- 
wards the North, until we come under the Pole it 
e elf, and then we obtain a Parallel Sphere, in which, 
je MW nothing more of the Fixed Stars neither Riſe nor 
4 MW Set, but half of them are always ſeen above the Ho- 
e: Mrizon, and half of them remain beneath rhe Hori- 
e 0n, and not to be ſeen : Therefore if from the 
n, [Center of the Globe we conceive the Superficie of 
in Wit every where upwards, even as from the Earth we 
at {contemplate the Heaven every where above us; the 
in Whole is not elevated, which is Immovable, but the 
n; Horizon is changable ; we proceeding towards the 
re North, and proceeding on in an Immovable Globe, 
p- Ide mutable Horizon will come to be depreſſed fo, 
I at the Pole is elevated above it: Bur becauſe this 
of [Is contrary to our imagination, therefore we accom- 
No modate it to our underſtanding, and the Pole re- 
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int maining in che Horizon; with it we alſo only ele- ö 
elt Nite or depreſs the Globe. Concerning this thing; 4 
8 ontider the appoſited Inſtrument, Eig. 142 and 143 11 
n which the Kotundity of the Earth, according to 9 

ie Latitude; variety of Sphæres, Right, Oblique; 4 
rds and Parallel, and all thoſe things which we ſhall 1 
nb elver hereafter concerning Artificial Days, may be if 
1 ally underſtood. | 
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C HAF. IX 


Concerning the common or firſt Motion, bein 
conſidered in general. 


hero we have ſpoken of the Various Site or 


Poſition of the Stars, it follows, that we con- 


der the Motion of the ſame, not in reſpedct of one 


or other Star, but of all in general. 


1. 11. therefore the Material Sphere, or Heaven. 
y Globe, with the Stars and Circles aſcribed to then, 
may be turned about its Axis and Poles to the Ho. 


riæon on the Eaſt : So likewiſe all the Stars, as well 


the Wandring as the Fixt, exerciſed by the firſt Mo- 
tion, common to all, may be turned about the Center, 


Axis and Poles of the World, from the Eaſtern part 


of the World, through the upper part of the Meri 
A. to the Weſt part of = cd and hence, 
through the lower part of the Meridian, again to the 
Eaſtern part of the World. g 

2. The Center of this Firſt Motion, is the Center 
of the Earth; or rather the Eye of the Beholder on 
the Super ficie of the Earth. 

For becauſe the Earth hath no Senfible Proporti- 
on, to the huge Supream Heaven of Fixed Stats, 
and alſc to the Superior Sphæres of the Planets; 
o alto no notable difference ariſes, whether we con- 
ſider the Motion of the Stars, either from the Cem 


ter, or from the Superficie of the Earth: Although 


this Diverſity, about the Inferior Planets is not t0 
be neglected, but ſome correction is to be uſed from 
the Doctrine of Parallaxes ; for as much as the Cit 
cular Motions are not Regular, except to one and 
the ſame proper Center. 

33 | 3. Indeed 
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3. Indeed there are No real Axes and 2 oles in the 


Heaven, with reſpett to this Motiem, yet for the ſake 


of better underſtanding, te conceive a Right Line, 
inſtead of tbe Ax and Poles, continued F rough the 
Cemer of the Earth on both ſider, to the Exrrean 
Fe Vifbie lee new the La, Bray Stars of 


| he Loft of the Stars of the Tail of the Leſſer Bear, 


and continued to the place oppaſite. to this : In the 


Extream of which Axis we conceive the Poles of this 


firſt Motion, one being the Artic, or North Pole, 
the other the Antartic, or South Pole. ; 
4. The Stars going round about this Axis and 


Poles, deſcribe parallel and equidiſtant Circles, thoſe 


which are neareſt the Poles being the leſſer ;, and 
thoſe which are further off are greater Circles; of 
which the middlentoſt and greateſt is the Equator, 
being the Rule and Meqſure of this whole Motion, 


Ig. 147. 

1 theſe Circles are imaginary, yet they do 
not wholly want a Foundation: For if a Mark or 
Sign on a Potters Wheel, be painted with divers 
Colours, although it be turned about moſt ſwiftly, 
that Sign or Mark is ſeen to deſcribe an whole and 
perfect Circle; therefore for the ſake of Teaching, 
Circles of this kind are al ſo conceived by the Ima- 
gination in this firſt Motion. 

5. The Terms of the firſt Motion in which it be- 
ins and ends, are inconſtant indeed in the Horizon, 
but more conſtant or certain in the Meridian, in 
whch A ſt ronome rs for the moſt part begin and end 
we firſt Motion. 1 | 

For all Stars of every place are ſaid to be equal 
almoſt in ſpace of time at the Meridian: In the He: 
on 'tis otherwiſe, becauſe 'tis varied in ech O- 
bliquity: Therefore although in a Right Sphere, 


the beginning and end of the firſt Motion, may as 


conveniently be taken in the Horizon, as in the Me- 
LU 2 . Tidiai, 
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292 Of ASTRONOMY.  Booki C 
ridian, ſince the Horizon of a Right Sphæte is a Me. N v. 
ridian in ſome place, and the Meridian an Horizon, WM 
therefore the Ratio is the ſame of both: Vet in an Su 
Oblique Sphzre, ſome Stars near the Poles, and in N the 
a parallel Shane an half part of the Stars, never Ware 
paſs either under the Horizon, or riſe above the {tha 
ſame : But thoſe Stars which are moſt remote from SU 
the Poles in our Oblique Sphære, on the North MWehe 
part, abide a longer time above, and a ſhorter time M24 
beneath the Horizon; but on the South part, they M 7 
abide a ſhorter time above, and a longer time he- M/d: 
neath the Horizon: Becauſe of this variety, the fit 
Motion is not commodiouſly Terminated in the Ho- 
Dots but 'tis needful that we aſſume the Meri. 

. dian. 
6. The Periodical time of the firſt Motion, is con 
monly defined by the Quotidian Revolution of Diur. 
nal Light, and of Nocturnal Darkneſs ; either con. 
tinual, if we begin from the Horizon; or cut if 
in the midſt, if we begin from the Meridian , or ty 
the ſpace of a Natural Day, which we divide ini Of 
24 equal Hours. ; | 2 
For this cauſe *tis uſually called the Quotidian, 
or Diurnal Motion; and indeed with reſpett of the 
Sun's returning from the Meridian to the Meridian, 
this Periodical Motion of a Natural Day is exact, 
ly the ſpace of 24 Hours; for the Revolution ol 
the Sun trom the Meridian to the Meridian, how 
ever it be, meaſures and conſtitutes the Natura 
Day, divided into 24 Hours: But with reſpect te 
the other Stars, as well Fixt as Wandring, this Fe 
riodical time is alſo to be taken at all adventure, b 
Treaſon that to the firſt and common Motion, ther 
is always mingled together without any Ceſſatio 
of one or rother, the proper, or ſecond Motion 0 
the Stars, which proceeds under the Zodiack, by! 
contrary way to the firſt Motion froni the Welt 1 
On ward 
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Me. wards the Eaſt: Therefore the Stars, whoſe proper 
on: Motion is flower than the proper Motion of the 
sun, they do return to the Meridian from whence 


er Mare ſwifter in Motion, they return ſomewhat ſooner 


the than in 24 Hours: But becauſe the Difference in the 


rom MSuperiors is not very great, this Periodical time of 
orth {ihe firſt Motion is commonly wont to be defined by 


o 


ime 24 Hours. | FL» Fe 
ey 7- Therefore although the firſt Motion being con. 
he. ſered in general, is common to the Exerciſe of all 
fit be Stars, yet with reſpett of one and rother, either 


of Circles or of Stars, and al ſo according to the Va- 
teri. Nriety of a Right Sphere, and of an Obligue and Pa- 

rallel Sphere, it admits of fome Variety. of which al- 
ue muſt Treat. ef 


a 


CHAP. x : 
0f the Firſt Motion conſidered in the Eclipticl. 


dia. O T only Stars, but alſo Circles (the Hori- 
the VN zon and Meridian excepted) are underſtood 
diane be carried about by the firſt Motion; among 
xact dich, firſt of all the Revolution of the Equator, 
Ind of the Ecliptick, is remarkable. 8 
2. The Revolution of the Equator is equal, even 
Sthe Meaſure and Rule of the firſt Motion in equal 
pats; but of the Ecliptick unequal. | | 
3. For as much as the Ecliptick is a Circle oblique 
b the Equator, it cannot be, but that the Parts or 
aches of it meeting with the Equator, aſcend above 
e Horizon, or deſcend beneath the ſame unequally. 


on i 4. For ſome Arches of the Ecliptic aſcend Rightly, 

by Withers Obliquely. | 
| 5. They are ſaid to aſcend Rightly (as well in a 
d 3 Right 


1 in they departed, ſomewhat later; but of thoſe which 
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reach 


Right, as an Oblique Sphzre ) with which a greater 
Portion of the Equator aſcends, than is obtained in 
the Ecliptick, but thoſe Obliquely; with which 4 
leſſer Portion of the Equator aſcends. © 
6. This Inequality is Examined, according to the 
Aſcenſions and Deſcenſions of the equal parts of tie «© 
Equator, if we would have only a certain knowledge 
of thoſe things which depend on the Ecliprick; {MW t 
whence the Doctrine concerning the Aſtronomical MW 
Riſing and Setting, or of the Aſcenſions and Deſcen- MW © 
fions of the parts of the Ecliptic, pertaining "© MW 2 
Aſtronomy, is begat. mT — @- 
7. And the Aſcenſion or Deſcenſion of the Parts i © 
i 
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of the Aſtronomical Ecliptic, is an Arch of the Equa- 
tor, which aſcends with any Arch of the Ecliptick, 
either above the Horizon, or deſcends beneath the 


fame. | a 
8. And it is either Continual or Parted. | d 
9. Continual, is that whoſe bepifining is taken from 1 
the Vernal Equinox : Parted, which is began from : 


any Other place. RIES . 

10. Each is either Right, which is numbred it 1 
Right Sphzre : Or Oblique, being numbred ina iſ © 
Oblique Sphære. 5 | k 

In a Parallel Sphere, by reaſon of the firft Motion, 
nv portion neither of the Ecliptic, nor of the Eu i “ 


tor can Aſcend or Deſeend, fince the Horizon, and 
the Equator are united, for the halves of the Eci. U 
tick always remain, the one above, the other beneall E 
| the Horizon, and the whole Sphere is turned about 
even as a Milſtone, © 1h 
2. And we muſt Note here by the way alſo, tht 0! 
there is a Difference between the Right Aſcenſion, fl . 
which we treat here, and that which we have define E 


before at Ch. 8. Num. 10. they agreeing in Quunti) 
_ whence alſo they have the common name, Differences F 
becauſe the Right Aſcenſion, concerning _ : * | 


| Sphere. | 
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Treat of in this place, is numbred only in the Hori- 


| 20n of a Right Sphere : But that, in the Circle of 


Declination is as well of a Right, as of an Oblique 


11. Therefore concerning Right Aſcenſians, as alſo 
of Deſcenſions, the. following Rules are to be Noted. 

1. The Quadrants alſo of the Equator aſcend with 
the Quadrants of the Ecliptick, beginning from the 
Cardinal Points, o, Y = S and W. Fig. 148. 
2. In Fig. 149, The Parts of thoſe Quadrants. or 


| alſo whatſoever Quadrants are began elſewhere, by 


how much nearer they are to the Equinoctial Points, 
they have a leſſer portion of the Equator Coaſcend- 


ing, and by how much further off they are, they 
have a greater part of the ſame Coaſcending. 


3. Alſo equal Arches of the Equator aſcend with 


ny two equal Arches of the Ecliptick, and equally 


diſtant on each part from any af the four Cardinal 


0 RE 
= Oppoſite parts of the Ecliptick have equal Af 
cenſions for Example, the Signs y & =, & & m. 

5. The Aſcenſion of any part of the Ecliptick, is 
7 to the Deſcenſion of the part oppoſite to its 

12. Of Oblique Aſcenſions, and Deſcenſions, theſe 
are the Principal Rules. | 7) 

I. The two halves of the Ecliptick began from 
the Equinoctial Points, have alſo the Halves of the 
Equator Coaſcending. 

2. The Parts of theſe Halves, or- al ſo of any other 
Halves began elſewhere, have not equal Aſcenſions 
of the Equator; but either they have a greater, or 
a leſſer portion of the Equator Coaſcending. See 
Fig. 150, and 151. e 

3. The Arches of the Ecliptick parted, by how 
much they are nearer to the Vernal point of the 
Equinox, they aſcend the more Oblique ; by how 

U 4 | much 
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much they are nearer to the Autumnal Point of the 
Equinoctial, they aſcend. more Rightly... :: 

4. The Oblique. Aſcenſions of the parts of. the 
Ecliptick, equally diſtant from one of the Equino- 
* oints, are equal. 


he Aſcenſion of part of the Ecliprick, is equal 
to he Deſcenſion of the oppoſite part. | 


13. And from the comparing of Right and Obli que 
A [cenſions, is begat the Aſcenſional Differences, 15 
which the Right and Obligue A lſcenſu on d:ffer between 
themſelves. 
A Thoſe i in Northern Si igns, being. thken: ar 
From the Right Aſcenſions, produce the Oblique A, 


cenſions ; and they produce the ſame by 3 added 


qr e's in Southern Signs. See Fig. 152 and 153. 

In theſe Schemes, 4 BC is the Horizon belonging 
to the Eaft, D E the ä FG H a portion 
of the Ecli rick, K.the North Pole, K G the Cir- 
cle of Declination : The Right Aſcenſion then of the 
portion of the Ecliptick G H, is HL, which the 
Circle of Declination K G L determines in the 
Place of the Right Horizon : Bur H B is the oblique 
Aſcenſion, and B L the Aſcenſional Difference to be 
taken from H L in the former Scheme, in which 
HG is on the North part; but to be added to it 
in the latter, in which H G is on the South part, 
to make the 9 Aſcenſion. 


— 


CHA P. XI. 
Of the F rſt Motion, conſu dered in the Sun. 


1. FI E Firſt Motion of the Gun may be con- 
ſidered two told, either in reſpect of the 


Horizon or in reſpect of the Meridian. f 
2. In 


2 Hed OF) 28 


-, 


— 223 


n- 
he 


In 
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2. In reſpect of the Horizon, by its firſt Motion, 
25 2 Fountain of Light, it conſtitutes the Day, cal- 
led Artificial, and. the oppoſite, Night : The Day, 
as long as the Center of the Sun, being above the 
Horizon, enlightens our Hemiſphere with a clear 
Light : The Night, in-which the Center of the Sun, 


being beneath the Horizon, Darkneſs approaches; 


which are the two parts ( with us to whom the 
Sun daily Riſes and Sets ) of which the Natural 
Day is compounded, which is Limited by one Re- 
yolution of the Sun, and is divided into Twenty 
Four Hours. | | - 
This is thought to be called a Natural Day, be- 
cauſe tis produced by Nature: But the Artificial, 
not 1 it is from Art, but becauſe tis accom- 
modated to the Exerciſe of Artificers. 

3. In reſpett of the Meridian, it conſtitutes a Na- 
tural Day, diſtinguiſhed into two equal portions ; 
but ſo. divided, that nor one part gives place to 
Light, and the other to Darkneſs, but each part 


participates both of Light and Darkneſs, one of 


which is from Midnight to Noon, the other from 
Noon to Midnight. | 

This Reaſon of determining the Natural Day, even 
a, as aforeſaid, Aſironomers have choſe before o- 
thers, becauſe in an Oblique Sphere the Horizon is 
Variable, when on the contrary, the Meridian is more 
conſtant, and 1s every where as a Right Horizon. 
4. Nor yet doth it return to the Meridian with 
the ſame, but one time with one, and another time 
with another Degree of the Ecliptick. 

The cauſe of this is the proper Motion of the Sun, 
or the Second Moticn concurring with the Firſt, 
whereby, under an Oblique Ecliptick, it creeps a 


long inceſſantly by little and little, into the follow- 
ing Sign, from the Weſt into the Baſt : Therefore 
ſeeing a Natural Day, which conſiſts of one Revolu- 
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Therefore the daily Motion of the Sun, is mixt of 
the Eirſt and the Second Motion, as it were a Thrid 
turned about ta a Cylinder : But yet becauſe the be- 
ginning and ends of theſe Spirals, are but little di. 
ſtant from each other, neither doth there ariſe be- 
cauſe of them an Error worth the Noting, they are 


eſteemed for perfect Circles; no otherwiſe than as | 


ef the Sun, by reaſon of its firſt Motion, ſhould eff 


in the beginning of any one Degree of the Ecliptick 
an whole Day, and ſuddenly afterwards ſhould paſs, | 


or skip to the beginning of the following Sign. 


6. Alſo it comes to pals from this concurring | 
proper Motion of the Sun, that its firſt Motion is | 
nor equal to the whole Revolution of the Equator, | 
but ſomewhar longer, and ſome additaments hap- 
— from all the Days, to the Revolution of the 


quator. 


7. And this Additament is no other than a Por- 
tion of the Equator agreeing to the proper Motion 
of the Sun; or the Right Aſcenſion of an Arch of 
the Ecliptick, which the Sun makes by its proper 


Motion Daily. A 


8. But theſe Additaments are not equal, but ſome | 
greater, others leſs ; yer ſo, that the Defect of one 
compenſates the Exceſs of the other, and each Ad- | 


ditament 


r 
5 the Eclip. 


A — 1p af wu 


[iS a 


— © 


W % 


BrukL 


ditament being collected through the Year, makes 
the whole Revolution of the Equator. T 

Fur as the Sun in the ſpace of a Tear, or 265 Days 
and *. almoſt, walks through the Ecliptick , ſo alſo 
theſe little portions of the Equator, conſume the 


whole Equator in the ſpace of a Tear, and as well 


” 


the Sun as the Additaments, are returned to the ſame 


beginning: And in this manner it comes to paſs, 
that from 355 Days and +, the Revolutions 1 the 
Equator proceed to one more, viz. 366 and 2, this 


laſt and ſupernumerary Day, being made not together, 


in one Day, but collecled by parts and pieces, thro 

the whole Year. - x „ 
9. And the cauſe of the inequality of Addita- 

ments is Three fold. | 


7. The proper Motion of the Sun being unequal 


under the cliptick. : 
2. The Obliquity of the Ecliptick to the Equa- 
tor. {1 | 


3. The Obliquity of the Horizon in an Oblique 
Sphere. e IE 

1. For from the proper Motion of the Sun, yrins 
unequal, "tis neceſſary alſo that the Arches of the R- 
cliptick, which the Sun daily meaſures, ſhould be um- 
equal, und therefore alſo the Aſcenſions of the Equa- 
tor, aſcending or deſcending together, are made un- 
equal So in theſe days of ours, the Sun about. the 
Summer Solſtice in Apogeon, or in its fartheſt di- 


ſtance from the Earth's Center, diſpatches in one 


Day 57 : 3” : But about the Winter, in Perigeon, 
or its neareſt diftunce to the Earth's Center, it fini- 
ſhes 61" : 20", as ſhall he ſhewn bereafler. 

2. And although the Arches of the diurnal Mo- 
tion of the Sun, under the Echiptick, are, or. ſhould be 
equal bi tio en themſelves, yet by reaſon of the Obli- 


ave divers, an 


| 00 of the __ in divers places, they will .al(o 


fo unequal Afſcenſions. 


3. Which 
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3. Which inequality likewiſe, by reaſon of the Obli- 
quity of the Beko is increaſed, and L to 
the variety of an Oblique Sphere is varied in ſundry 
forts. | ' 
1 10. And that we may meaſure the unequal Over- 
plus, or Additaments, by ſome certain Rule, Aſt7o- 
nomers aſſume, for the fake of meaſuring, mean, or 
equal Addirions between the greater and the leſſer; 
to wit, for every Day 59 : 8“, that is, ſo much al- 
ſo as is the mean, or equal Diurnal Motion of the 
Sun in the Ecliptick. I. BY 
And theſe 59: 8“ are produced if you divide the 
360 Degrees of the Equator into 365 Days and *, 
even as if you ſhould ſay by the Golden Rule of Pro- 

ortion. „ 
' As 365 Days and 6 Hours, To 360 Degrees : So 

| : _ To 59 1 7 8 

Or the Reſolution being made in the leaſt Terms. 

Hours. Seconds. Hours. Seconds. 
As 8766, 19 129600: So 24, To 3548. 

Which divided by 60', makes 59: 8“. 

11. And this Inequality of the Sun's Diurnal Mo- 
tion, redounds alſo in Natural Days, which is con- 
ſtituted by the Diurnal Motion of the Sun, mixt 
with its proper Motion, which are hence alſo made 
unequal. = | 
But concerning this, we ſhall ſay more hereafter 
in the Chronological Part. * 


* 8 


9 — 


CHAP, x0; 


Of the Firſt or Common Motion conſidered in the 
Fixed Stars, and the other Planets. 


I. 1 H E Fixt Stars by their Fitſt Motion finiſh 
their Period ſooner than a Natural Day, or 
24 


Li 


Chap. XII. Of Spherical Doctrine. 301 
24 _ and return to the Meridian, whence they 
departed. 2. | 
e reaſon is, becauſe although they are ſeen to 
proceed alſo like as the Sun by a proper Motion, in 
an orderly following ; yet becauſe this Motion' of 
theirs is moſt flow, neuher follows the Sun in an 
manner ; Therefore they return to the Meridian al- 
moſt by ſo much ſooner, as the Sun recedes longer in 
the ſpace of a Natural Day from the former point; 
in which the Sun returning to the Meridian, the Na- 
tural Day at length is accompliſhed. | 


2. Hence it comes to paſs, that in the Night of- 
tentimes, {ome and other Stars ſucceed in the place 
of the tormer, until in the ſpace of a Year, the whole 
Band of Stars: ariſe above our Horizon, and are Vi- 
{ible to us. | 

For if the Sun ſhould remain Immovable in one 
place of the Ecliptick, or the Stars by their proper 
Motion ſhould proceed in like velocity with the Sun, 


we could not fee the Stars but of one Hemiſphere, 


the reſt being hid by the brightneſs of the Sun: But 
for as much as the Sun by its proper Motion departs 
more ſwifter from the Stars, which proceed more 
flower, and comes unto others ; it comes to paſs 
that by its departure ever and anon, other and other 
Stars are diſcovered, and in the ſpace of a Tear all 
are brought to our fight, except thoſe Southern Stars, 
which always lye hid beneath our Horizon. 

3. The other Planets, by how much they are more 


flow than the Sun in its proper Motion, touch at, 


their Journeys end of the firſt Motion, fooner than 
it, and by how much they are more ſwifter, they 
touch later than ir, theſe are accompliſhed later 

than a Natural Day, thoſe ſooner. 
For becauſe the Sun, by its return to the Meridian, 
accompliſhes a Natural Day, it neceſſarily follows, 
| | that 


2 - FD 2 
— — oi, 


— rn nn 
— — — . -oe 4 


8 ——— ——— 8 — — — 
EF 2 wo. — * 8 2 — — — 
r i ke — 8 2 — — — TI 
—XEE — — .. — 1 
— m—=s — — — = — 2 2 * 
* — — — — — - 64 * - — ——— 
ST — : ; E = — 
— —— 


— S I _ — i 22 wi 
rc ˙ wo Sw Were 3 


CY — oy Ez dd > "0 - A — 
F. AAS. 5.2 5.2. 1 


30 Of ASTRONOMY. Bock! 


that thoſe which run out beyond the Sun in Proper 
Motion, come to their Fourneys end later, and thoſe 
zohich remain on this fide it, ſooner. 5 
N 4 And they advance to us in the Northern part, 
Or 


iſphere (our face being turned towards the 


Eaſt) from the Left towards the Right Hand: On 
the contrary, in a Southern Hemiſphære, from ths 
Right towards the Left Hand. 


Ihe reaſon is becauſe the Equator, the Rule of 


_ the Firſt Motion, is on the Right Hand to thoſe in 
the Northern parts, if their Face be turned towards 
the Eaſt, and on the Left Hand to thoſe who are in 
the Southern parts. | 

F. Moreover, as we are accuſtomed to inquire of 
the parts of the Ecliptick, ſo alſo we inquire the 
Aſcenſions and Deſcenſions of any Stars, as well 
thoſe that are continual from o y, as thoſe which 


are parted from other Stars, and the Degree of the 


Ecliptick Riſing and Setting together. 

6. Laſtly, As the Sun while he remains above 
the Horizon makes the Day, and while beneath the 
fame, the Night; ſo by Analogy alfo, we call the 
abode of any Star above the Horizon, the Day of 
the Star ; and its abode under the Horizon, the 
Night; although that happen in the Night, but this 
in the Day. | 


"em 1 £ _—_— — — n 


CHA p. XIII. 


f the Common Motion of the Stars, compared 
5 with the Sun. 


1. THE Stars, as well Fix'd as Wandring, being 
1 taken with the Sun in their common Mo- 
tion, Ariſe and Set in divers manners, gr” i 

CA 


led the Poetical Riſing and Setting of them. 
| The Reaſon of this Appellation is thus affigned, a 
becauſe the Poets in deſcribing the times of the 
Par, are wont to uſe commonly one or another of 
theſe kinds of Riſing and Setting. 122 


2. And there are Three of theſe kinds of Riſing 
and Setting. . 


1. Cofmacal, ] when * with tke Sun Riſing. 
2. Acgonychal, Riſes or Sets N with the Sun Setting. 


3. Heliacal, in which the Stars either appear from 
the Beams of the Sun, or are hid by them : which 
when it happens in the Morning, is the Morning 
Heliacal Riſing, or Setting; or if in the Evening, 
tis the Evening Heliacal Riſing or Setting: See 
Fe. 154, and x8. . 

The two former, the Coſmical, and Acronychal, 
are the true Aſcenſions and Deſcenſions above or be- 
neath the Horizon + Whence *tis called the true Ri- 
ing and Setting: The Heliacal is only the Appari- 
tion or Diſappearing of - the Stars exiſting about the 
Horiaon; proceeding from the proper Annual Mo- 
non of the Sun, which ſometimes by its Acceſs and 
Receſs-to the Stars, and preſence of Splendor, or ab- 
ſence at other times, hides or uncovers them; hence 
- tis called the Apparent Riſing or Setting. See Fig. 

156. | | 

3. The Coſmical and Acronychal Riſing and Setting 

is proper to all Stars, which Riſe and Set, except 
a Venus and Mercury. | | 

For theſe two Planets cannot ſet Coſmically, and 

riſe Acronichally, zo wit, juſt over againſt the Sun, 
0 by reaſon of their ſhorter Pigreſions from the Sun, 
0- - which they never obtain the oppoſite place of the 
iS HN, | 


d | | 4. The 
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4. The Morning Heliacal Rifing, and the Even- 
ing Setting, happens to Stars, which in their Mo. 
tion are flower than the Sun; and by reaſon there. 
of, being left by the Sun in the Morning are ſeen 

again, and being overtaken by the ſame, in the-Even- 

ing they vaniſh. - | 


Such are all the Fixed Stars, and the three Supe. 
rior Planets h M and &; alſo Venus and Mer 
cury, but not unleſs when they are Slow and Retrq- 
grade in their Motion. - 


7 When Stars are ſwifter than the Sun, they 
are apparent in the Evening from the Sun Beams, 
and they are hid in the Morning. 


Such are Venus and Mercury when they are more 
Swift in courſe, and the Moon : for theſe Stars 
approaching to the Sun, are in the Morning inter- 
mixt with its Beams, and departing from it in the 
Evening, they unfold themſelves from its Beams. 


6. The Terms of diſtance of the Sun from the I 
Stars, by which they either Riſe or Set Heliacally, of 11 
are unequal. | = 


_— 
— 


— 


For by how much they are greater and brighter, 

or leſſer and obſcure, they require alſo a leſſer or 
greater diſtance of the Sun to their appearing, or Of 
being bid. 


E. Net Artificers have conſtituted theſe Terms, 1.7 
(by the obſervation of Stars, not far poſited from 
the Ecliptic) nearly agreeing to the Truth au- 


Degrees 
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Degrees. In the Twilight. 
en- 19 0 The ſmalleſt magnitude, 
= | 17. [ | _ \ The Fifth, 
p jx#s } - [Stars of | The Fourth. * 
- rue Sun being 1s | They | Ihe Third. | 
en- Wonder Motion 4-14 | Appear The Second, 
in the Vertical 13 P or < rThe Firſt, 
Circle under 124 : Vaniſh. 25 | Mats. 
| the Horizon. 114 Among | Saturn. 
2 111 | the Pla- | Jupiter. 
er- 110 nets | Mercury, 
0. [s 3 p Venus. 


The Moon bath not a certain Term, but appears 
netimes the ſame Day, ſome times a Second, or 


J Third, or 74 the Fourth Day after New Moon, ac- 
, cording tot 7 diverſity of its Motion. | ; 


But theſe aſhigned Terms or Times of Apparition, 
and being bid, are numbred, not an the E Ariel, as 


1 bath been ſaid, but in the Vertical Circle, paſſing 

„rough the Sun, from the Horizon even to the Cen- 

e jer of the Sun. 3 . 

In Fig. 157. E or F are Stars in the Horizon, BC 

the Sur's diftance beneath the Horizon, numbred 

e i the Vertical Circle ABC, according to the Term 
„ Ve Stars appearing, er being hid. 
5 CHAP, XIV. 

Tr | Of the Firſt Alotion, conſidered in reſpect of | 

divers Meridians and Horizons. 

e I. T H E Sun and all the Stars by their Firſt Mo- 

tion, always ariſe above the Horizon, are 

amays converſant in the Meridian, and always go 

„ Inder the Horizon. | 


This 
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This is a Paradox, hut tis true,” if it be undey. 
Rood aecortling tothe diverſity of Plates : For be. 
cauſe the "Earth is round, und the Earth and Su / 
every where Habitgble, aud the Heaven is in ever 
place upwards, and the Sun, und the. other Stars in 
perpetual Motion + Every place hath a: proper Ver. 
tical point, and conſequently Jo a proper ; Horizon, 
and à proper Meridian: So that the Sur, the whole 
Day, and all the Stars, only proceed from one Hori. 
zon to another, or from one Meridian to another. 

2. Therefore there are ſo many beginnings of the 

Firſt Motion, as there are Horizons and Meridian; 
that is, Innumerable. 1 
And ſo alſo the Firſt Motion always begins, and 
always 1s finiſhed, and with it alſo the Natural Day. 

3. The time of the Sun's approaching to the Me. 
ridian, althougk it be the ſame in the reaſon of 
numbring, to thoſe People or Nations which are 
uſed to One and the ſame kind of Clock ; yet in 
its Nature, according to the diverſity of Places, tis 
moſt Different. | 

| For ſuppaſing after our manner, that the time of 
Noon and Midnight, is that in which the Sun is cor. 
verſant in the Meridian, and being numbred by i *: 
Twelfth Hour is Univerſal, and in the whole Neri , 
the Meridian be numbred the Twelfth Hour; vet I 
becauſe the Meridian or Noon-time other - where u de 
divers ; therefore that which in one place is the jr: 
Twelfth Hour, is in places more Weſtern ſome Hou ne 
before Noon, in Eaſtern after Noon + For Exampie «! 
At Vienna the chief City of Auſtria, Ihe Tae C: 
Hour, is, in a manner, the Eleventh Hour beford 1: 
Noon at Paris, the chief City of France. Lo 

So that Eclipſe which Prolomy witneſſes in Book I Y 
Chap. 4. Of Geography, zo be. ſeen at Arbela, 0 
Hour after Sun Set, appeared at Carthagena the St 
cond Hour of the Night : So Pliny, Book 2. Ch. 79 


7. ail h 
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ler. ſaith, That at what lime Alexander the Great woz 
be WM that famous Vitlory at Arbela, the Moon was Eclip- 
Su ſed at the Second Hour of the Night, but "the 
y ſame appeared in Sicily at the beginning of The 


ein firſt Hour. This Eclipſe bappened in the Tear 
Ver. abon 417, the Thirteenth Day of Epiphus 
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zon f the Egyptians, which is the Second in. the 


bo: Ml Olympian ear 172, in 7 he Solftice 3. this\7s Years 
ori 351 before-Chrift was born, and the _[tentieth of 


September, according 10 the Julian Years: See Fig; 
s. E — 
155; 4. Therefore among ſo many Meridians, tis ne- 


ceſſary for keeping of Order, that ſome one be ap- 
and pointed Firſt or Chief, to which the reſt are xeter- 
j. ted by the Ratio of time, and of diſtance, which by 
Me. Pom, and other Ancients, was that which pat 
n of MW {s through the Fortundle or .Cangry. Iſlunde, from 


2 hk 
] = 2A * 
2 


4 — 
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ate which all the following towards the Eaſt, are num- | 
et in MW bred, according to the Series or Order of the Signs, 4 
tis the diſtance of which from the Firſt, is called the 1 

Longitude of that place through which it paſſes. Þ 


%%% OM 7 | 
c. The Reaſon of this Election ſeems partly, that Nas 
p the tire ir ſelf hath made the beginning there, as well 
ll of Africa as of Europe; and partly, that places more 
; Jail iefternly were unknown to the Antients: The Wo 
re u dern Geographers begin to number the Meridians 
ne from thoſe Inands in which the power of the Mag- 
Ho netick Needle tr ns preciſely to the Pole of the Mor], 
ple 15h are calls d the lands of Corvus, or the Green 
el Cape, and are fome Degrees more Weftes is than 
er 


for the Canaries % following Prolomy, hum 74 1 
: Longitude om Diſtance of the" Meridian of: Tabing, 0 
ok 1 Ven the Fortunate Hands: 33%: 0. 1 
a, 0 | 1 
| * a : . | 5 2 2 bly 
. So much of Spherical Doctrine, 4 
1. 70 . | | 
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The PREFACE. 


I. Aving finiſhed the Spherical Part 
H of 1 which Acts con- 
cerning the Firſt Motion ; it remains to 
Explain the Theoretical Part, which Ex- 
plains the Ratio, or Reaſon of Second Mo- 


tions. 


[ 2. We ſhall Conſtitute its Parts. 


[| I. By Explaining the General Theoretical Hypo- 
4q theſes, which Treats of the Second Motion 
of the Fixed Stars and Planets. 


II. We will Declare the Paſſions of the Planets, 
which attends the Motions of the ſame. 


III. We ſhall propoſe the Judgments or Opinions 
of Aſtronomers, concerning the Magnitude 
and Diſtance of the Stars. 
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The Firſt Part- 85 
Of the Second and Proper Motion of the 
„% 27 


* 


Of the Second Motion, and the Hyporheſes" 4 


of it in General, 1 


Ar. 


I, T HE Second and Proper Motion of all the Stars, 

is that whereby they proceed in an Ublique 
March under the Zodiack, upon the ſame Axis and 
Poles z or in an orderly following, and according to 
the Series or Order of the Signs, from the Welt to 


pe. the Eaſt. | 
n By what Signs this Motion becomes known, 1s ſbe to- 
el before at Chap. 4, Book 3. Te 
2. And this Motion is Twofold ; one of Longi- 
js, nude, the other of Latitude. 
; 3. The Motion of Longitude, is that in which be- 
ing moved nigh to the Zodiack, they are wont to 
os mch according to the Order of the Signs: Of La- 
4 tude, in which they depart from the middle Eclip- 
tick Line of the Zodiac to the Sides. 
In Truth there are not two, but only one Motion, 
in which they deſcribe a Circle interſetting the Echp- 
Ff in two places, whence b y the Motion of Lone i- 
5 . tude 
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310 Of ASTRONOMY. Bock I 
rude they are conveyed to the Sides of the Ecliptick 
And becauſe the Progreſfion of the Stars being le 


according tofhe Z otiack, is not only: conſidered but {pf 


this digrefſion or departing from the Ecliptick to the 
Sides; therefore for the ſake of Teaching Aſtrono- 
my, hey have made, as it were, a' double Motion, 
Ton they may... ſpeak diftinitly concerning diſtinil 
inge. 15 3 
a ä - And again, each is Twofold, True and Mean. 
5. The True Motion, is that; in which the Stag 
in the Heaven, for the moſt part appear to us living 
on Earth, to move unequally : Whence alſo 'tis cal- 
led Apparent and Unequal. But the Mean Motion 
is that which they aſſume: for the ſake of Teach. 
ing Aſironomy, to be the Mean and Equal, between 
the Swifteſt and Sloweſt. 


. 


And it matters.not whether or no, in Truth, this 
Motion be found in Heaven, or is only ſuppoſed ly 
Aſtronomers ; /o that it be made fit, that = this 
Mean or Middle Motion, at length the True one be 
produced. 1 . 
56. The Epocha, Root, or Beginning of place, 
whence the Second Motion of Longitude is wont 
to be numbred; is either from the firſt Star of Aries, 
or © V, or the beginning of the Sign Aries; to 
wit, the Point of the Vernal Equinox; notable be- 
tore others, whence Aſtronomers. uſually begin the 
Zodiac. Þ 

For the Sun being conſtituted in this Point 1. I. 
being in the middle place, it gives the diſtance of its 
greateſt Digreſſions from the Equator into the Nori 
and South. 2. It makes the E quinox in the whole 
Earth : And Thirdly, with us in our Hemiſphere on 
the North part, making the beginning of Spring time, 
9pens the Earth again, and Enliuens all things De- 
coyed and Numn'd by the Winter Coldneſs, whence 
t:s acfervedly preferred to others. 
5 7. And 
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: $1IT 
7. And the beginning of time, whence the Hea- 
venly Motions are at firſt deduced, is aſſumed other- 
wiſe of others; A Cn. 
Ihe moſt; famous are | 

1. The Epocha of Chriſtians numbred forward and 
backward, of which at this time the current Year is 


2. In the beginning of the World, ſince the Fall of | 


our firſt Father Adam, from the beginning of tbe 
Chriſtian Epocha, diſtant, in our Opinion, 401 Tears, 
and f irn Coating bor 


: MICE i he & 3 et IT ET 
3. Ihe Beginning of. the Julian P eriod of Antici- 


pation, which! goes before therbeginning of: the World, 
749 Julian Tears, and 302 Days: Ihe beginning, 
from the Chriſtian Epocha, 4760 entire Nars. 

8. The meaſure of this Motion with us, are Days 
divided into Hours and Minutes; alſo Months and 
Julian Years, inſtituted by Fulius Ceſar... 


For the Motion not only of the Intervals of Pla- 
ces, but alſo of Time is uſually meaſured ;, the Ratio 
of which Times, ſince "tis divers with us, Aſtrono- 
mers alfo have commauly uſed Egyptian Tears, Months 
and Days; we retain the Julian 1:me, which jo 745 
is moſt noted, and therefore may commodiouſly be ufed 
inſtead of meaſure. _ Fs, 0 

And although theſe Heavenly Motions alſo are 
meaſured by theſe Times, ( which Doctrine is conſti- 
tnted by us in the Third Book of Aſtronomy ) yet no- 
thing binders, ' but that alſo thoſe Motions may be 
meaſured interchangeably by leſſer Times; after what 
manner the Motions are more known to us: For fo 
tis ordained in many other things, that the ſame in 
divers reſpetts may be the meaſure and the meaſurcd , 
to wit, if that which obtains the place of Meaſure be 
alſo known by it ſelſ, topich alſo happens in ibis of times: 


Tor woo rs there which knows not, that 60 Minutes 
make an Hour © 24 Hours a Natural Day? Who 7s 
| 5 Jenorant 
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312 F ASTRONOMY. Book, 
Inorant how many Months are in a Tear ? And hoy 

many Days each Month hath ? Likewiſe what is the 

2 between Common Tears and Biſſextile, re. 
curring or happening every Fourth Tear , of which 

thoſe have 365 Days, but this 366 And that 'tis 

eaſie to divide the 60 Minutes of an Hour into 60 0 
Second Minutes, or Second Scruples, and if you pleaſe 0 
of 12 4 into ſo many Thirds, &c. if we would find 1 
out the moſt ſmall part. 1 ſ 
© 9. And the meaſure of the Diſtance of the Stars, I 
arched indeed from a certain point of Heaven, are 5 
Circles divided into Degrees and Minutes; and that d 
the meaſure of the fame from the Center of the 
Earth, or of the World; or the Motion of any Cir- tl 
cular Star directly removed, are either parts of a tl 
Semidiameter aſſumed at: pleaſure, or the Semidia- fi 
meter of the Earthly Globe. Se FH 
Concerning the Diviſions and Subdiviſions of a 1 


1 Circle into Degrees, and Minutes, or Scruples, hath 1 
Wt -been /} Metro already often times, the Semidiame- la 
== ter Fas Crrcle may be aſſumed at pleaſure , and oj 
1 the more parts 'tis divided into, the truer will the a 
\=F Calculation be. ” FE. tl 
The Semidiameter of the Earth is commonly ; 1 
Wl * pointed of German Miles ( each being determined by d 
. the Fourney of two Hours ) to be 859 a, or to. ſhun by 
W the Fraction, 880; or is of ſuch parts 57 U, of which th 
'' the Circumference of the Earth is 366. 10 
. A German Mile contains. about 4 Engliſh Miles, n 
|. fo that the Semidiameter of the Earth contains about 

i 3436 Engliſh Miles, and f a Mile. A 
i To. Laſtly the meaſure of Planes, or of the groſs- to 
3 neſs of Heavenly Bodies, is the Square or Cube of II # 
b this Terreſtial Semidiameter. . - 4 
. : For of great things, ſuch as are Heavenly, a great th 
Y meaſure alſo is convenient ; then. becauſe. if the Ter- 2 


he 


reſtial Semidiameter be appointed of Miles 3436. ne 
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The Square of it will be, Miles 11806096. 
And the Cube of it will be 40565745856. 
Engliſh Miles. 


11. The Organs or Inſtruments of Second Moti- 
ons are of Theory or Contemplation, that is, either 
of a Figure, or of little Orbs Artificially made of 
Paper, or only of Circles deſcribed by the Compaſ- 


ſes; in which the Motion of the Planets are pecu- 
larly ſubjected to the Eyes, and the labour of Com- 


putation of the Motions either taken away, or ren- 
dered more eaſie. N 
For in things ſo remote and abſtruſe, tis neceſſary 


that the Mind be _ by Senſe : For which end 


the Theory of the Planets are found out by Arti- 


fers, that even as by a material Sphere, and (le- 
ftial Globe, the Firſt Motion is expoſed, ſo by theſe 


Theories, the Second and Proper Motions of the Pla- 
nets are expoſed to the Eyes withont tedious Calcu- 
lation: Or becauſe this Proportion and Magnitude 
of Obſervations cannot be made accurately, the Inge- 
mous only delineate them with the Compaſſes, that 
they may alſo be the better comprehended by the 


Mind, and the Calculation may be the eafier pro- 


duced ; for the end of Aſtronomy 1s, not only the 


bare knowledge of the Heavenly Motions, hut alſo 


the ill of Calculating the ſame to any given time, 
which by the help 
metrical Calculation. 

And although at this time, almoſt all Artiſts in 
Aſtronomy make proper and peculiar Theories 
to themſelves, of which we cannot treat here, 
but refer the Studious in Aſtronomy to thoſe 


Authors, which explain the Reaſons of their Hypo- 


theſes and Theories /iberally, and the manner of 
ung them; notwithſtanding all agree in ſome ge- 


neral parts, which te are willing to ſhew in this 
place, 


I 
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place, leaving the more particular to their Au. 


12. The general parts then of all Theories, are 
either Orbs made of plain Paper, or Circles only 
delineated by the Compaſſes. i 

Theſe repreſent, and ſubjel to the Eyes, the Cx. 
2 bel Marrs from meg Canſes, not ded Hltucy 

Phyficks and Natural, hut Geometrically; jet 
the ſame as Phyſicks perform, with which we are 
forced to be content, until the True and Phyſical 
Cauſes of all things be made known to us. © 

13. But of theſe Orbs and Circles, ſome are Cos. 
centrick, which are deſcribed from the Center of 
the Earth, or of the World : Others Eccentrick, 
which are deſcribed from another and proper Cen- 
ter, peculiar to its ſelf : Laſtly, ſome are Eprcicles, 
which being Concentrick or Eccentrick, even as pre- 
cious Stones Ingrafted or Inlaid- in Rings, are car- 
ried about by them, and nevertheleſs are alſo moved 
about the proper Center. e 


\ In"theſe are conſidered chielß s 


1. The Eccentricaty. 

2. The Apogeon. 

3, he: n 1 ; 

4. The Line of True Motion. 

5. The Line of Mean Motion. 
6. The Proſtapherefis or Equation. . 


14. Eccenricity, is the Diſtance of two Centers. 

15. Apogeor, in Arabick, Aux, or top of the 
Circle, is the Point of Eccentricity, moſt remote 
from the Center of the Earth, or World: Perigcon, 
the oppoſite of Aux, or the loweſt Point in the 


Circle next the ſame. ” 


1 
the 
note 
40n, 
the 


The 


to the Center of the Epicicle. 
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16. The Line of True Motion of a Planet, is a 


Right Line extended from the Center of the World, 
through the Center of the Body of the Planet tothe 


Toe” === 


17. The Line of Mean Motion, is a Right Line 
extended from the Center of the World to the Zo- 
diack, equidiſtant to that Right Line, which is 


drawn from the Eccentrick Center, to the Body of 


the Planet; or (in Theories which uſe the Epicicle) 


18. Proſtaphere rs, or Equation, is the difference 
of the True and Mean Motion, {ometimes to be ta- 
ken from the Mean Motion, at other times to be ad- 


ded to the ſame, to produce the True Motion. 


Eg. 160, In this Scheme, a is the Center of the 
World, or of the Zodiack, c hd the Zodiacſ, b the 
Center of the Eccentrick, eg f the Eccentrick, a b 
the Eccentricity, e or c the Apagæon, for d the Pe- 
rigæon; hence d fa bec 7s called the Line of Apo- 
gon, ag l the Line of Mean Motion, or of the Epi- 
cicle m in Theories which uſe the Epicicle, or of the 
Planet i when the Epicicle is wanting, equidiftant 
or parallel to the Right Line bi k, drawn from the 
Center of the Eccentrick, to the Center of the Star 
or Epicicle ; which lines bi k, a i h, a gl. fall in with 
one another, ihe Star or Center of the Epicicle exiſt- 
ing in the Aux or Apegcon e, or its oppoſite f, but 
elſewhere they differ between themſelves; whence 
the Proſtaphæreſis or Equation is begat, which is an 
Arch of the Zodiack hl, or the Angle hal, or abia, 


ar hi k, for they are equal, which is called the Pro- 


Rtapherical Angle. 


CHAT 
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e, nA 1 
2 07 the Proper Motion of the Fixed Stars. 


3 


1.3 


ix which they ſeem to be turned from the 
Eaft into the Weſt, have alſo another proper, but 
lingring and flow Motion, the diſtance of them from 
themſelves to each other remaining unchangable, be. 
ing led as the Zodiack, upon the Axis and Poles 
of the ſame, according 10 the Order of the Signs, they 
ſeem to move forwards from the Weſt into the Eaſt. 
1. This Motion, the Antient Aſtronomers were 
Ignorant of, by reaſon of the great ſlowneſs of it, 
which the Later Aſtronomers at length underſtood, 
by the changable Longitudes of the Stars from the 
Vernal Equinox  _ - | 
2. Hence, ſometime at the beginning of Aſtron 
my, there was one Zodiack, whole 12 parts, as alſo 
the whole Circle, they named from the 12 Aſter- 
iſms or Signs, which they were converſant in, as 
well as in thoſe parts : But at this time after that 
the Aſteriſms had exceeded their former places, 
and the Conſtellation of Aries was got into the 
place of Taurus, of Gemini into the place of Can. 
cer, the Zodiac is made, as it were, two fold : One 
of the remarkable Aſteriſms beginning from the firſt 
Star of Aries; the other being deſtitute of Stars 
from which it ſhould receive a name, which begins 
from the Vernal Section of the Zodiack and Equa- 
tor, the parts of which are indeed difterent from 
the Aﬀteriſms; but yet they retain their Priſtine names 
taken from the Aſteriſms: From this cauſe alſo other 
ages have required other Cœleſtial Globes. 
2. Nicho/as Copernicus, aſcribes this Motion of 
the Fixed Suts, not to the Fixed Stars proceeding 
according 


4 LL the Fixed S tars, beſides the daily Motion, 
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according to the order of the Signs; but to the E- 
quinoctial Points going backward, contrary to the 

order of the Signs ; and theretore he calls it the 
Preceſfion of the Equinoxes ;, the cauſe of which he 
aſcribes to the Inclination or Reflexion of the Earth's 


8. | 
But fince the Progreſs of the Stars, is eafier under- 
ſtood by Tyroes, or young Beginners, than the Re- 
greſs of the Equinoctial Points; we rather chooſe 


to attribute this Motion to them; whether they are 


carried in the free Sky, or that which is received, 
and alſo believed more eaſily, to appoint them at- 
fixed to any one Solid Sphære, like to a Wall en- 
compaſſing the whole World ; tor *tis certain that 
thoſe change not their diſtances :; For thoſe which 
Prolomy found in his Seventh Book of Almageſt. 
Hipparchus found almoſt 300 Years after to be con- 
ſtituted in one Right Line: Alſo we at this Day, 
being Fourteen whole Ages later, behold the ſame 
unchangeably diſpoſed in the ſame Line, to wit, Ca- 
pella, the Left Foot of Erichtonius, and Palilicum, 
or the Eye of Tarrus : Alſo the ſame Capella, with 
the Wagoner in the Right Foot, and near Orion in 
the Left, and many more aſſigned by others. 

4. Either this Præceſſion of the Equinoxes, or Pro- 
grellian of the Stars, being for the moſt part unequal, 
therefore they thought the Proſtaphereſis of the E- 
9170xes needful, to find the true Motion of it: But 
becauſe this inequality is as yet doubtful by the fa- 
mous John Kepler, and if it ſhould be certain, tis of 
no great moment, we do not think to burthen young 
Aſtronomers with it. 

5. But altho this Motion ſhould be common to 
all the Fixed Stars, yet for the moſt part tis uſual- 
ly called only the Motion of the Firſt Star of Aries 

om the Equinoctial Point; from which all the o- 
ther Stars retain their certain and . di- 
nce. 
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ſtance, and are underſtood to move forward alto. 
gether with the 1 + . i 
2. And they proceed in the ſpace of a ec ſcaroe 1. 
I un whole Tear, only ————5 1“ 
Whence it appears, if they fhould paſs over the 
whole Zodiac, it will requite 25413 Zulian Years, 
guam proxime. | nn 
3. But whether or no they alſo have the Motion of 
Latitude, and that they change it in ſucceeding Ages, 
it as yet doubtful : Therefore while the thing is truly 
Found ont, we may retain the Latitude for any time, 
the ſame which Tycho Brahe hath affigned to them. 
as nay be ſeen im the Tables of the Longitudes and 
Latitudes of the Stars at the end of the Book. 


CHAP. W. 
| Of the Proper Motion of the Sun. 


— ß . d 


I T HE Motion of the Sun alſo: is plainer than a 
1 the Motion of the other Planets, and neces 

ry to the right _— and finding out of the 

ſame; whence tis deſervedly preferred before. the e 


reſt. | 8 
2. And the proper Motion of the Sun, is that iu v 
which, beſides the daily, in which it Riſes and Sets t] 
every Day, there 1s moreover another Motion pect- 11 
liar io it, under the Ecliptick Line, the middle i f1 
the Zodiach, upon the ſame Axis and Poles ; ſeen ri 
ing to be moved according to the order of the Signr. tt 


in an orderly following, from the Eaſt into the Weſt. 

The Diſcoveries of this Second and proper Mo- fr 
tion are, that it doth not Riſe and Set always in 
the fame place, but in its Riſing aſcends from the tt 
the South into the North, and again deſcends * mM 

| ; | the 
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the North into the South: Moreover in the Meri- 
dian, or Noon- time, at one time it draws nearer to 
our Vertex, afterwards it again departs from the 
ſame; whence it neceſſarily follows, that it hath 
another Motion beſides the Diurnal and Ordinary 
Motion, in which it turns aſide hither and thither : 
And fince after Sun Set we always behold ſome or 
other Fixed Stars by their whole Circular compaſs, 
which before lay hid under the brightneſs of the 
Sun, and indeed going forwards according to the 
order of the Signs, from the Welt towards the Eaſt; 
it neceſſarily follows alſo, that the Sun proceeds 
the fame way, to wit, according to the order of 
the Signs, from Weſt to Eaſt, Circularly, by little 


and little: Laſtly, ſince the mutation of the Suns 


Declination ſpoken of but now, happens only in 
thoſe places through which the Zodiack goes, tis 
manifeſt that this Motion is diſpatched upon the 
Axis and Poles of the Zodiack. 

2. Artiſts underſtand the Orbit which the Sun 
deſcribes by this Motion to be Eccentrich, or to have 
a Center diverſe from the Center of the World. 

The Arguments for this thing, are: 

1. That the Sun in this Motion ſeems to go un- 
equally, flower in the Summer, or in the Northern 
Semicircle of the Zodiack ; ſwifter in the Winter, 
when in the Southern Semicircle: For in the Nor- 
thern Semicircle he is converſant, Days 186 3, but 
in the Southern, 178 2; which is truly obtained 
from the Obſervations of the Days and Hours be- 
tween the two Equinoxes of the Spring and Au- 
tumn. 3 
2. Moreover the Sun alſo is unequally diſtant 
from the Earth ; furtheſt in the Summer, neareſt in 
the Winter: which inequality appears not only in 
the unequal apparent magnitude of the Sun's Dia- 
meter, leſs in Summer, and greater in Winter, we 
= e ſerve 


„ = 
* 


ſerved by the ſame Inſtrument ; but alſo in the un- 
equal Duration of Lunar Eclipſes, in the ſame di- 
ſtance of the Moon, as well from the Earth as from 

the Ecliptick ; The cauſe of which: is no other, than 
the unequal diſtance of the Sun from the Earth, 
by reaſon whereof the ſhadow of the Earth is made 
ſometimes greater, and ſometimes leſſer, which we 
have diſcovered from the Opticks. 

Therefore from theſe cauſes, Aſtronomers have 
made the Way or Orbit of the Sun Eccentrick un- 
der the Ecliptick; for this Eccentricity makes out, 
that the Motion that is equal about its proper Cen- 
ter, being ſeen from another Center, appears un- 

equal, as the Opticks teach. 
3. In aſſigning the Eccentricity, or the Diſtance of 
the Centers, of the World, and of the Eccentrictty of 
the Sun, Aſtronomers diſagree. according to the diver- 
ſay £4 Hypotheſes. | 
e 


in this place retain Tychoes, which at this 


time is parts 3584, of ſuch whereof the Semidia - 
meter of Eccentricity is 100000 : Or parts 2*: 9, 


of which the Eccentrick Semidiameter is 609. 

This Eccentricity ſome make to be Variable, but 
Kepler aſſerts it to be conſtant, and becauſe he ap- 
oints the Ecliptick the Orbit of the Sun, and ac- 
owledges ſome real Inequality in the Motion of 
the Sun, proceeding from Phyſical or Natural Cau- 
ſes : Therefore he aſſumes only half of the Eccen- 
tricity, of Parts 1792, or in a round Number 1800: 
And ſo the cauſe of Inequality of the Sun's Mo- 
tion he divides into two, between the Natural and 

the Optick Cauſe. - 
. In the Eccentricity of the Sun there is likewiſe 
to e noted. | | : . : 2 ES 
I. The Apogæon, or the Eccentric Point moſt re- 


mote from the Center of the Earth, in which the 
Sun is ſlowly moved in one Day 57 : 3". E 
0 I. Toe 


II. The Perigæon, that is the Eccentric Point, near- 
eſt to the Center of the Earth, in which the Sun 
proceeds moſt ſwittly ; in one day 15: 1“: 20%. 


5. The Apogron, is found in this our Age in the 


Tear 1700, to be in Q: 25 of Cancer : but the Pe- 


rigzon, in the oppoſite place of Capricorn, or ve. 


6. But this Apogæon is not fix'd under one place of 
the Zodiac, but proceeds by little and little into the 
following place; the Motion, according to Kepler, 
being equal, but very ſlow ; ſo that the Annual Mo- 
tion of it ic 1: 2% and at length finiſhes its Period 
in 21612 Tears. 


7. But the Sun in its Eccentricity under the Eclip. 


rick, from o V, which meets with the beginning of 
the Sun, performs its Circuit in Days 265, Hours 5, 
Minutes 48, Seconds 45. | 

8. Whence by making an equal diſtribution, its 
Aotivn under the Ecliptick is thus. Pg 


— — 


: 8 0 , is 
The Annual Motion is 11 : 29 : 45 : 40. 
The Diurnal ——— —— ——59 : 08. 
The Hourly ———————cz : 28 


9. And the Motion of the Sun alſo is numbred 
from the place of the Apogzon, and then *tis called 


tbe Annual Anomaly, the Eccentrick Anomaly, the 
Reaſon of the Sun. | 


And this Annual Motion, is ſo much ſhorter than 
the Morton of Longitude from the Ecliptick, as the 
Apogeon proceeds yearly in orderly following, to 
wit, 1 : 2 ; Whence the Annual Motion of the 
Anomaly is 11s : 29˙: 44: 38", 37 


Y CHAP. 
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of the Proper Motion of the Three Superior 
Planet t, u and & 


x.QAturn, Jupiter, and Mars, are called Superior 

Planets, becauſe they be placed above the Sun, 
Saturn in the higheſt place, [upiter in the middle, 
and Mars in the loweſt place, which is acknowledged 
by all Aſtronomers. _ = 

The reaſon of this Order is required or ſought. 

1. From the Quantity of Periodical Reyolu- 
tions, fince 'tis moſt like to truth, that the Planet 
that goeth about in more time, it alſo deſcribes the 
greater Circle, and is higher than the others: There- 
fore fince h requires more time, M leſs, and & leſs 
than it, to perform their Periods or Circuits in, it 
evinces alſo that they are placed in this Order. 

And fince b was ſeen to be hid by & running 
under him, by the Ingenious Mathematician Michael 
Meſthn, at Tubing, the Ninth of Fanuary 1591, 
as he teſtifies in his Ep:tomy of Aſtronomy ; but that 
& is inferior to J cannot be doubted. 

3. Aud tis alſo known for certain, that theſe 3 Pla- 
nets, in the Quality of their Motion, as well accord- 
ing to Longitude as according to Latitude, are likt 
to one another, and diſagree between themſelves only 
in Periodical Quantity, = | 

And for this cauſꝭ they are uſually conjoined for 


the moſt part by Aſtronomers, that the Ratio of 


their Motion may be diſcharged in one Tract. 


a. Therefore how much Motion of Longitude be. 


tongs to them, they ſerve for the moſt part in theſe 
things. | 
5 1. They 
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1. They do not only Rife and Set Daily, but 
moreover they proceed in an Oblique going leiſure- 
ly from the Weſt into the Eaſt. ET 
2. They obſerve the Zodiack, and the ordet of 
the Signs. 1 Fas 

2. Yet under which they ſo go, that not only 
their Altitude from the Earth, bur alſo their Mos 
tion, as well inthe ſame, as in divers places of the 
Zodiack is unequal, and ſometimes they appear 
Swift, afterwards Slow, by and by Stationary, and 
alſo Rerrograde. | 


To the Explanation and Demonſtration of this 
Variery of Motions, ſome add the Epicicle to the 


Eccentricity, of which tis changed by theCircuit and ki 
| Altitude, and the Motion of Eccentricity is made ſwift- Ai 
er and flower, and alſo ſeems to go contrarily ; but Fl 


others aſſume other Hypotheſes, and almoſt every 
Artiſt a ſingular one, the Explanation whereot we 


uy oe 


2 —— 
— — — 
rr — 


. 


1 

"1 

{hall ſuperſede here, and refer the Studious to the | 

8 Rudolphine, Daniſh, and Lansbergiu's Tables; in 34 

wich each Author explains his Hypotheſes, and | 
i Demonſtrates the Heavenly Motions from them; 


yer, leſt Beginners in Aſtronomy ſhould be Ignorant 

ot all knowledge of the Motion of the Planets, we 

will aſſign the equal or mean Motions of each, from 

- the Rudolphine 1 ables. 

nly 5. Therefore theſe Planets perform their Courſe 
under the Ecliptick from the Point of the Vernel 

for Fzuinox. | 
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Sig. Bel . ” 


The Annual =o + 12 : 13 : 36. 
h < The Diumnal ————— — O02 : O1. 
The Hourly —. 
The Annual - 1: oo : 2D : 32. 
1 < The Diurnal —— — q : 59, 
C The Hourly — —— ———12. 
6 18 3 17 : ob. 
8 115 Diurna l — 1 
The Hourly — — 01 : 19. 


at this time are in t 
—_ ; ® 

RS :. 

GT Rn 3 . 

8 5 : : $I 31. 


8. And they do not ſubſiſt Immovable in theſe ple 
ces, but proceed into conſequent places, but with a 


e Tear 1700 compleat. 


very flow Motion. 


Motion is of = > je 4 


9. 1 hence if the finiſhing the Period of each be 


required. 


oben ber 3 16 


Sears. Days. 


; H . 273. 
The Apogern of 5 * ; 5 27468 : 031, 
8 : 384. 


10. The Motion of Latitude of theſe Planets 1s 
hence produced, becauſe the way of them, or the con- 
rinued Plane of the Orbit of them interſet?s it 
Ecliptick in 1199 places with an unchangta lle Angle. 


1 


g + * * 


7. The place of Apogzon of theſe three Plane: 


the 
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. 
In 1 1 : 20. 
c ;, - | 


11. The points of Interſeion are called Nodes; 
one indeed aſcending, by which a Planet in the North 
aſcends ;, but the other deſcending, by which the ſame 
in the South deſcends ; and the Aſcendants are found 


at this time. | 
| | 755 Sig | o „ 4 
bh K 

1 * of 2: 22 7-50. 


8 E . 2 0 
12. Theſe Nodes are moved with reſpet? to the 


Vernal Equinox, which Original or Beginning is ac- 


counted of the Eclipiick, in a following order, and 


they proceed in the ſpace of a Tear. 


, H 0 2 18 
The Note of 3 r 
2 


13. * the finiſping the Circuit or Period of which 


there is required." 
| Years. Days. 
in, . 7. : me 
In-Y. 370607. 8 
In 8 32607 : 30g. 


CHAP. V. 
Of the Proper Motion of Venus and Mercury. 


I, A S thoſe three h u & are called Superior 
Planets ; ſo theſe tron, Venus and Mercury, 
are called Inferior Planets, Venus being higher than 


Mercury. | 
"PT 3 This 


- 8 * A "boi 4 ” 1 
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This Order and Place, and Periodical Quantity, 
which of Venus is leſs than of the reſt, but greater 
than of Mercury; and that which is obſerved of 
Mercury under Venus, Proclus writes. 


23. And beſides that ar Riſe and Set in a daily 


Motion, they habe this alſo, common with the other 
Planets, being led according to the Zodiack, by the 
Motion of Longitude from the Weſt to the Eaſt, go- 
ing according to the Order of the Signs, and they 
finiſh their Circuit under the Ecliptick. = 


In Days. Hours. Fs 
7177... - 1 08 © 16 
„ "09. «. . 


2. Ard there are alſo in them theſe unequal Ns. 


tions, in like manner as of the reſt ; Eccentrical, 


Swifter when they are nigh the Sun, Slower when re- 
mote from the ſume And indeed moſt ſwift, when 
in the Morning Hours they begin to mingle them: 
ſelves together under the Sun Beams, or when in the 
Evening Hours they depart from them. 

4. But when they are either hid by the Evening, 


or appear in the Morning, they become Stationary ; 
to wit, after the Evening greateſt Elongations, and 


before the Mornings: In the Intermediate time the) 
become Retrograde on the contrary part in Conjuniti- 
on with the Sun. | | 

5. For they run always nigh to the Sun, which 5y 
certain Spaces they ſometimes go bef ore, ſometimes 
they jollow, afterwards returning 10 it. 

n this Courſe alfo Venus changes her name, and 
in the Morning going before the Sun, is called Pho/- 


phorus or Lucifer, the Morning Star : In the Even. 


ing, when the follows the Sun, ſhe is called He/- 
perus. or the Evening Star. 


6. Venus indeed deparis far from the Sun, lo the 


height of 47: 15, and makes fewer Stations, and 


| : ? 95 


th 
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ſo, many times, alſo is ied, with the Sun : But 


Mercury hath ſhorter Excurſions, and in Apogzon 


is reſtrained within 29*% but in Perigzon beneath. 


18» Alſo he frequently becomes Stationary, and 
oft times joined to the Sun, and ſeldom appears with 
it. 9 | 2 

But that they aljo aſcend on high, and again 
deſcend towards the Earth, argues in Venus the 
augmenting of ber Body in certain places: But in 
Mercury the /* 100% or a of Apparition, 
and being bid, which, from the. augmenting of the 
apparent Body, it argues the deſcent of it to s. 

8. Theſe unequal Motions, are reduced to theſe 
mean and equal. 55 


whole compleat e The Diurnal o 0: 36 : 08. 


compleat Cir- The Diurnal o: 4: O5: 32. 
cuits. — e The Hourly — 10: 34. 


9. The Circles of them at the end of the Tear of 
the Chriſtian - pocha 1700, are, : 
3 


$ beyond '$ The Annual 1: 23: 43: 15- 


2 10 : O2 : 24 : 24. 
i 2 14 3 5 2 


10. The Circles are moved in an orderly following, 
and proceed yearly. | | 
ER 


1 1 . 18“. 


8 1 


11. Whence the Revolution of them requires, 
Q Julian Years 16605, Days 304. 
v Years —- 12364, Days 120. 


14 12. The 
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"T2 The Nodes, in which the Eccentrick Orbs of th 
theſe Planets  interſet the Ecliptic, and incline from in 
it into the North and South, and makes the Marion ot 


7 Latitude , are Oe” e 

| 5 Sig. © ; PLL . | m 

re 2: a: 55. : P, 
. 


en which Limits they are diate Northern ? 
and Southern, a Quadrant of a Circle. | 


13. Theſe Nodes alſo move N the aue 
in 2 r order n | 
2 — 


| tonne on * 8 . 

8 ö d . . LA 4 . 1. 
So that 2 . 2 — Vans 27574, Days 181. & 
But Ty | — — 15203. 15. 


14. And the Iiclithtion of the r Orbs Y h 
from the Ecliptic, is Conſtant and Fixt. | l 


Of 2 r | th 
| Of $ 6 = 4 : to 
vet the Latitude of 8 by reaſon of the Cur- 

rent Optick Cauſe, may run out Northward, almoſt al 
to 5 of Mercury; Southern to 557. 

| Laſh, here we muſt note, that which the ex: IW 
Fey athematician Galilæus, a Florentine, hath 00 
detelled by the Teleſcope, to wit, that Venus is i- 1 
luminated by the Sun even as the Moon i 1s, and alſo ac 
that ſhe goes under it at all times. de 


For when ſhe is dire& and nigh to the Sun, the IN Si 
hath a round Figure, when Retrograde ſhe is horn- 
„ Marius hath diſcoyered the like in Mercury, be 
£ the help of the fame Teleſcope, and found out 


that he is a Planet weak in Light, deſcending to the IW C 
| Earth; which is from the Sign of changing the kind : 
of Illumination, and to diminiſh the Light in a cor- fle 


ner; 0 that he moves Tels, being near to the 2 $4 
= : than 


* „ BY 6: 0 
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than when further off, which without this diminiſh- 
ing in a nook or corner, would be abſurd, becauſe 
other things appear greater, being near, than if they 
receded further. Concerning which Debate, you 
may ſee more in Kepler's Epitomy of Aſtronomy. 
Fas. / $5 UA. | . 


a 


——c 
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/ Of the Proper Motion of the Moon. 


—— 


11 the Moon is neareſt to the Earth, and gocs 
5 about it the nigheſt, is confeſt by all. 
1 And *tis proved from this. 
1. That ſhe 2 her Circuit or Courſe in a 
ſhorter ſpace of time than all the other Planets. 
2. That by her coming between, ſhe hides both 


the Sun, and all the other Stars near the Ecliptick, 


to which ſhe is carried. 
2. That ſhe hath the moſt evident parallax amo 
all the Planets, as we will ſhew hereafter. = 
2. And ſhe is moved not only daily from Eaſt to 
Weſt, by the Motion common to the reſt, but more- 
over likewiſe ſhe walks about the Earth by a proper 


| Motion, but yet in an oblique going under the Zodi- 


ack, upon the Axis or Poles of the ſame, in an or- 
derly following, or according to the Order of the 
Signs, from Weſt to Eaſt. „ | 
This Motion in the Moon is yery evident as hath 
been ſaid at Book 1. Chap. 4. | 
3. In this Motion alſo ſhe deſcribes an Eccentrick 


Circle, in which, 


1. With reſpect to the Earth, ſhe goes unequally, 


flower about the Apogeon, ſwifter about the Peri- 
gon. : 
| | 2. Alſo 


. I 
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farther in Apogeon, nearer in Perigeon. 

4. Alſo in thoſe Eccentric | 
ſometimes Nlower, ſometimes ſwifter, as alſo in other 
parts ſhe is obſerved at one time higher, another 


time lower, which 1s Conſpicuous as well in the Ap. 


parent M agnitude of the Lunar Body, as in the Du- 
ration and Quantity of Eclipſes. 
5. And the Motion f the Mon is deduced fron 
| irs Principles or Beginnings. 
I. From o , and is called the Motion of Longi- 
tude of the Moon. 
 Underſtood in this Ratio. 
I. The Periodical Mo- ot * 
tion of the Moon, | — 4} : + 
2. The Annual 255 f Si Sig. 5 


Us 17 


many compl. Revolutions, 1 
3. The Diur na! — — — 1 
4. The Hourly, — 56. 


2. From the Sun, and is called the Lange of 
the Moon from the Sun, and is thus. 


| Days. Hours. 

_ Periodical Time 29: 12: © {5 > 
Sig. ©: : 5 - "BR 

Te Diurnal Metion „ IH 227+ 

The Hourly . —————3o : 28. 


3. From the Apogeon, and is called the Anomaly 
of the Moon's Orb, of which, 


Pays. Hours. , T 
I. The Periodical Time is 27 : 13 : 18 : 35. 
. 


2. The Diurnal Motion is o: 13: 3: 54. 
3. The Hourly Motion is 32 3-46 


6. The Apogaon of the Moon alſo is changeable, 


proceeding 1n a following manner, 2 y an equal Mo- 
tion; 5 of which, 
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2. Alſo the is unequally diſtant from the Earth, 


aces ſhe is d 7 


55 


The 
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a ; Ye. Da. Ho. Mi. | ; 
The Periodical time is 8: 309: 7: 36. 
The Diurnal Motion is ————-—06 : 14 
The Hourly is — 


7. And the Moon doth not remiin always under 
the Ecliptick, which is proper to the Sun, but as the 


Ecliptick way of the Sun turns aſide from the Equa- 
tor, into the North and South, intenſecting it in two 
places ; ſo the Orbit of the Moon cuts the Ecliptick 
in tibo places, and turns aſide from it, partly into 
the South, partly into the North. e 
The Points of this interſection are called Nodes, 
one indeed aſcending, The Head of the Dragon, thro 
which the Moon 5 from the South into the 
North, the Sign of which is 8: But the other 
deſcending, The Tail of the Dragon, by which the 
Moon deſcends from the North into the South, 
whoſe Sign is 8. ERS 1 
The reaſon of this terrible Appellation is, that 
the two Circles cutting each other more narrow a- 
bout the Point of Section, they are referr d by the 
Firſt Aſtronomers to the Head and Tail of the Dra- 
gon; the Belly in the Middle being Broader. 


8. Neither have theſe Nodes a Fixed Scat under 
the Zodiack, but creep along by little and little, con- 
trary to the order of the 8 going before. 
Years. Days. Hours. : 
In 18 2 0 140 
Therefore is 
1 Sig. 8 7 
The Annual Motion O: 19 : 19 : 42. 
The Diurnal Motion — 0} : 11. 
The Hourly | —— 8, 
9. The digreſſion of the Mom from theſe Nodes, 
zs called the Motion or Anomaly of the Moon's La- 
uin. 93 — | es | 
And 
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And it no other than an Arch, compoſed o p 
Motion vf the Nodes, and the mean Motion 0 Lor * 
gitade the Moon. ; 

Da. Ho. 5 — N 

The Period or Courſe of th this is 27:5: 5: 36. F 

K ! | ( 
And the Annual Motion 4:28:42: 46. al 

The Monthly Motion— 1: © : 4o : 15. The | 
12 dig. being a mY Circle, is omitted. m 

The half Monthly : I5 : 20 : 08. 

The Diurnal Motion 1 ek 135: 46 

The Hourly ————= og. tc 


10. And ne the greateſ} Latitude of the Mom 
ariſes to 5 5 to wit, ſo much as is the Angle, in 
which the Plane of the Lunar Orbit inclines to the 
Plane of the Ecliptick. 


| Nevertheleſs from other cauſes, in certain places, 9 
the Ratio advances 17 alſo 18, concerning which 
To and Kepler have much diſpured. - 
ä 1 
8 E COND P A * T 
O FE I. 
BOOK II. F 
E the Aﬀettions 0 or . Paſſion jon: E the Planets. 
CHArS . 
Concerning the Kinds and Forms of Paſſions. 20 


I F HE Polos of the Planets, are ſome notable Nl 7 
Affeclions or Accidents of Celeſtial A Art car- 


ances, which may be talen notice of 1 in any objerus- ſe 
lion | 


| CEF 0 
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tion of the Planets, while they run along their ** 
f. Longitude and Latitade. 


They are commonly called Faſſions, an Appell 


tion ned not agreeable, but yet received 1 in uſe, 


and therefore retained. 
2. The kinds of them ( for the ſake of Teaching 7 
may be appointed Four, to wit, even as they appear. 


1. From the Eccentricity of the Planetary Orbits. 
2. From the Comparing of the Planets Motions 


to one another. 
3. From comparing of the fame with the Sun. 


4. From the Relation of them to the Earth. 


3. Each of theſe Kinds, have many Particulars, 
or Repreſentations under themſelves, of * we, 


ſhall ſpeak briefly. 


CHAP. I. 
Of che Repreſentations, or Particulars F the 


Firſt Rind of Paſſions. 


FT HE Firſt Kind of Paſſion, hath four Parti- 
calars or Species under it elf, of which the 
Firſt is that in which Planets are ſaid to be, 


1. Direct. 
2. Retrograde. 
| 3. Stationary. 
1. A Planet is ſaid to be Direct, when its Body 
goes according io the order of the Signs. 
2. 3 when it goes or walks contrary 10 


the order of the Signs. 


3. SET zohen "tis ſeen 10 fland ſtill for 
Jome time in 1 Jaume MIND 1 the — odiack. 


2. The 
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2. The Cauſes of theſe Paſſions ſome impute to 
the Epicicles of Eccentricks, which when they are 
earried in the fame Climate or Coaſt: with the Ec. 
centricks, the Planets are Direct; when they go 
more ſwift to the contrary Coaſt, they are Retro. 


grade : Laſtly, when they go with both, as well Ec- 


centrick as the Epicicle, in a like Pace, one while 
according to the order of the Signs, otherwhile con- 


| xrary to them, they. become 8 tal ionary. 


As in Eg. 161. If a Planet be carried in the Su- 
perior Arch of the Epicicle HCF, it will be moved 
in a following order, and is Direct, deſcribing an 
Arch of the Zodiack ID G; but if a Planet appear 
in the lower part through FE H to A, the Center 
of the World, it again recedes by the meaſured De- 
grees GDI: But about F and H, in the end and 
beginning of Progreſſion and Regreſſion, when the 


Retrogradation of a Planet is equal to the Eccentric 


Progreſſion, conveying -the Epicicle, for ſome time 
it cannot be diſcerned that the Planer changes its 
place, but tis ſuppoſed that it wholly reſts, be. 
cauſe two oppoſite Morions happening mutually 
to it, they take away each other mutually, which 
Motion of the Planet they Intercept, leſt it ſhould 


change the place under the Zodiack. 


But when the Motion is repreſented by the 
Epicicles of the ſame, not being in the Heavens in- 
deed, but ſuppoſed by Human Ingenuity, but not 
any way, as may be Demonſtrated from their Ge- 
nuine Cauſes : Therefore ſome aſſume ſuch Hypo- 
theſes, in which they excuſe theſe Paſhons by the 
meer tallacy of the Sight, ſuch as is concerning tie 
Sun reſting in the Center of the World, and the 
Earth going about it by an Annual Motion. 


3. All the Planets are ſubjef to theſe Paſſions, 
except the two great Lights, the Sun and _ 


in 


z 


— 
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. The cauſe of this unlikeneſs, the Ancients dedu- li 
0 ced from the Proportion of magnitude and ſwift- 1 
re WM neſs of the Motion of Eccentricks and Epicicles: | 
. But the Copernican Hypothelis follows this exemp- 
0 tion of the Lights, or Luminaries, further. * 


| 4. The Second Specics of the Firſt Kind, is that 
n in which the Planets, | 
. 1. Are ſwifter, or augment their Courſe. 
2. Are ſlower, or diminiſh their Courſe. 
3. They are ſaid to be indifferent. 


5. They are ſaid to be more Sivift, ar to increaſe 
in Courſe, when their true Motion is greater or 
ſwifter than their mean. _ | 

2. Slower and Diminiſhing in Courſe, whex their 
true Motion is flower or lefſer than their mean Mo- 
tion. 


3. Indifferent, when the true Motion is equal to 
the Mean. 


The Repreſentative Cauſe is, when they are Ec- 
centrick as well as Epiciclick : But the Phyſicil and 
Genuine Cauſe ſome ſeek in Sol, the Fountain of 
all Motion, whoſe moving Vertue being joined to 
the Eccentrick Planetary Orbs, is Stronger when 
near, and Weaker when further of : Whence the 
Cauſe is compounded from Phyſicks and Opticks. 


6. The Third Kind of the firſt fort of Paſſions is, 
in which the Planets are ſaid, | 


1. To be increaſed in Number. 
2. To be Diminiſhed in Number. 


7. I. They are ſaid to be Increaſed in Number, 
when the ſame Line of true Motion follows the Line 
of mean Motion. 


That 
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That is when the Proſtapbæreſis, or difference of 
true and mean Motion, is either Added or Subtra. 
Sed, to or from the mean Motion: Which diffe. 
rence of true and mean Motion is greater in ſome, 


and leſs in others; according to the Ancient Hypo- 
theſes the Proſtaphæreſis is made. 


FIn its greateſt "I MEA Pla 
ELL 42 : 23: 24. 
Ofthe Sung in its leaſt — a F 50: . | hon 


ee ns In Conjunctions 2 4: 56: 0, ½% 
Of the Moon In Quadratures — — 7 40: C0. bby 


3 

Of Saturn 12 a 46. ” 
Of Fupiter ———— 16 ; c8. fy 
Of Venus —————4 : og. low 
Of Mercury —— 25 : 42. nets 
didc. 


Whence it appears, how much he miſtakes, which 
takes the Mean Motions for the True. 

8. The Fourth Kind of the firſt ſort of Paſſions. 2. 
ris the Aſcenſion and Deſcenſion of the Planets. whey 

9. 1. They are ſaid to Aſcend when they paſs ex- 
from Perigzon to Apogzon, and proceed from the 
Center of the World higher into the Sky. 


2. But to Deſcend, when they Abaſe themſelves 4, 
From Apogzon towards Perigzon, and draw again N one. 
nearer to the Center of the World, = 7 
And this Paſſion, as alſo the next precedent, is | 
not found out by Obſ@vations, but only by Cal- 
culations. 4. 
Gs nets , 

of thi 


CHAP. 


* 
— 
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Of the Kinds of the Second ſort of Paſſions. 


1. T H E Second ſort of Paſhons, which ſprings 
T forth, from the comparing the Motions of the 
| Planets together. among themſelves, being their Con- 
| fguration, is uſually called their Aſpetts. 
| 2. And the true placing of the Planets is known, 
from the Earth, according to their Lines of Motion 
under the Zodiack. 5 
3. And ihe Kinds of Ajpe 
4 


tr are indeed Innumer- 
able; From which notwithſtan 


* : 2 ling Aſtronomers habe 
gather d five of the chief to themſelves by Obſerving 
„ 


1. In Conjunction or Copulation, when the Pla- 


nets are converſant in the fame Degree of ihe Zo 
diac ke 1 


The Note of it is 6 


2. 1a Sextile; or an Aſpect that is Sexangulus, 
when the Planets are diftant from each other by A 
Sextant, cr & Degree. | 

The Note of it is &. 


2. In a Quadrate, or in a Quadrangle, being Ya 
drangular, or in Quudrature, when they differ from 
one another by the ſame Quadrant of the Zodiack, 
or 90 Degrees. | 
= The Note or Sign of this is O. 


4. Triangular, Trine or Triplicity, when the Pla- 
nets are removed from each other by a Third part 
o the Zodiack, or 120 Degrees. 
The Sign of this is 4. 
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That is when the Proſtaphereſis, or difference of 
true and mean Motion, is either Added or Subtra- 
Qed, to or from the mean Motion: Which diffe. 
rence of true and mean Motion is greater in ſome, 
and leſs in others; according to the Ancient Hypo- 
theſes the Proſtaphæreſis is made. 3 


| In its eateſt Eccentricity . 3 24. P 
Ofthe Sanin its feaſt IT I: 50: 2 fon 


; In Conjunftions —— 4: 56: 20, 0 
wan oa: In Quadra tures ——1 7 +: 40: co. 455 


3 
Of Saturn ——— ——— 12 : 46. an 
Of Fupiter ———— 16: cs. oa 
Of Mare —= — 52 : 45. 

Of Venus ———————4 : Og. 5 
Of Mercury —— 25 : 42. Irre 
diac 


 Whence it appears, how much he miſtakes, which 
takes the Mean Motions for the True. HEE 
8. The Fourth Kind of the firſt ſort of Paſſions, 2. 
is the Aſcenſion and Deſcenſion of the Planets. whe; 

9. 1. They are ſaid to Aſcend when they paſs e. 
from Perigzon to Apogæon, and proceed from the 
Center of the World higher into the Sky. 

2. But to Deſcend, when they Abaſe themſelves Wl j.;. 
| from Apogzon towards Perigzon, and draw again ¶ one 
nearer to the Center of the World. = 

And this Paſſion, as alſo the next precedent, is 
not found out by Obſ@vations, but only by Cal- 
culations. 25 5 


, 5 g f 
1 4 N * 5 


CHAP. 
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of the Kinds of the Second fort of Paſſions. © 


1.094 H E Second ſort of Paſſions, which ſprings 
Y E 2 forth, from the comparing the Motions. of the 
Planets together. among themſelves, being their Con- 
figuration, is uſudlly called their Aſpetts. 25 

2. And the true placing of the Planets is Known, 
from the Earth, according to their Lines of Motion 
under the Zodiac. 3 
3. And the Kinds of Af} 90 are indeed Innumer- 
able; From tohich notwithſtanding Aſtronomers have 
gather d five of the chief to themſelves by Obſerving 

OS oO. 2 : 


& 


1. In ConjunRtion or Copulation, when the Pla- 
nets are converfant in the fame Degree of ihe Zo. 
dacke _ Be Te 7 p | 

The Note of it is 6 


2. In Sextile; or an Aſpet that is Seæangulut, 
when the Planets are diftant from each other by A 
dextant, or & Degrees. e 

T) he Note of it is &. 


3. In a Quadrate, or in a Quadrangle, being Qua- 
drangular, or in Quudrature, when they differ from 
one another by the ſame Quadrant of the Zodiac, 
or o Degrees. 8 | 


The Note or Sign of this is ©: 


bk AM 


4. Triangular, Trine or Triplicity, when the Pla- 
nets are removed from each ather by a Third part 
of the Zodiack, or 120 Degrees. 

+ , The Sign of this js 4. 
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5. Oppoſite, or in Oppoſition, when the Planets 
are mutually diſtant from one another by ſix Signs, 
or 180*, and art ebeld from the Earth in the De. 
grees of the Zodiach, oppoſite to the Diameter. > 
Ik)hbe Sign or Note of this is 8. ; 
Woo > EONS 


I. To theſe alſo ſome add others, to wit, Seſqui- 
quadrate, Quintile, Seſquiquintile, Biguintile, Gn. 
gular, Pecangular, which we leave to their places. 
2. And we muſt know that all theſe A ſpects do not 
agree to all the Planets alike, in reſpect of all things: 
Indeed the three Superior, and the Moon, common- . 
ly paſs under all theſe differences of AſpeQts, not 
only towards themſelves by turns, but alſo to the 
other Planets : Bat Venus and Mercury, becauſe of 
their very ſhort Interval, Venus not receding from 
the Sun beyond 48?, nor Mercury beyond 29®: 
They cannot accompliſh none of the Diſtances of 
theſe A ſpects to tlie Sun: But to it Venus and Mer 
cury recede from each other by a Sextile Interval, 
and therefore they may have a Sextile Aſpect, and 
are conformable to no other beſides. 
3. And theſe Aſpects are not meer ſuppoſitions 
of Aſironomers, but from the Nature of them they 
ate brought into eſteem divers ways: For, 
I. According to theſe the Moon diſpenſes its h 
Light to the Earth. = 7 


2. The Sun varies the four Seaſons of the Year, N 
and lengthens the Day, or ſhortens it, and makes it 
equal. | ; BY 


3. The ConjunQtions of Saturn and Fupiter, be- 
ing made about the beginning of the Zodiack, are 
{aid ro be the chiefeſt and greateſt, which tollow 
after almoſt every twenty Years (to wit, always of 
two, Saturn and Fupiter, ſometimes of three, Saturn, 0 
Jabiter, Mars ) but diftant from the — oy Ch 
0 | ir 


> : 


Then the Farthly in 2 m ve; 


V „ 
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Third part of a Circle, or 120% ſo that every one 


ſucceſſively goes through the Triplicities of the Z- 
diack; Aftrologers call them the Fiery Triplicity 


m — 


— — FF 8 6 


Henee they paſs into the Airy I = w. 


' Laſtly; into the Watry — m . 


And they are converſant in one Triplicity almoſt” 


twenty Years, ſo that to paſs through the whole 
Zodiack and all its Triplicities, they require very 
near 800 Years :. The more accurate Calculation is 
thus. as 8 
From the Hypotheſes of the Ancients, betiveen 
the two Conjunctions of Saturn and Fupiter, ac- 


cording to their mean Motions, there falls betiveen 


of Julian Years 19, Days 314, Hours 13: In Which 
time they paſs over 8 Signs, and -3* under the Zo- 
diack, which exceſs of 3* cauſes, that after 10 of 


theſe Conjunctions they proceed into another Tri- 


plicity; and therefore they remain in one, Julian 
Tears 196, Days 216, Hours 10: And the Revo- 
lution of all the Triplicities is made in Falian 
Years 794, Days 133, Hours 16; which being run 
over, the great Conjunction happens again in the 
beging ne oo EEE 

4. Therefore of ſuch great Conjunctions there 
have only happened 8 ſince the Erection of the Orb, 
with which always happens great things to be done: 


to wit, | | 
1. The Creation of the World, or of out Firſt Fa- 
ther Adam. | . „ | 
2. The taking away of Enoch.  _ 
3. The going forth of the 1 from Egypte 
4. The Nativity of Chrift. 3 
5. The Reſtauration of the Roman Empite, under 
Charles the VIII, which happened in the Year of the 


Chriſtian Epocha 1604, al ſo a nei Star was then ſeen. 


2 6. And 


1 


. 


- 
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6. And theſe Aſpecis are either True, which are 
computed according to the Lines of True Motion: 
Or Mean, in which only the Lines of Mean Motion 


/ 


are conſidered. . 


They are obſerved in the Moon, whoſe Conjun-| 


| tions and Oppoſitions Pro/omy calls coupling; but 
in Calculating the other Aſpects, Aſtronomers ate 
content with mean Motions, ſince the Calculation 


of the true Motions in this bufineſs would indeed | 


be more laborious than uſeful. 


C H A P. IV. 


of the Third Kind of Paſſions, and of the ſam 


0 
I. T H E Paſſions of the Third Kind, in whit 

. the Planets are compared with the Sun, are 
of three forts : Firſt in which the Planets are ſaid, 

| 1. To Increaſe in Light. 

2. To Diminiſh in Light. 
3. Hypaugee, or Combuſt. ; 

I. They are ſaid to Increaſe in Light when be- 
ing remote from the Sun, they ſhine with much glit- 
SETAE... _ | | 

2. To Diminiſh in Light, when being near to the 
_= they caſt themſelves to our fight by a dull 
gi. 1 
3. Combuſt, when they lie almoſt hid under ihe 
Sun-beams. | ; 

The light of the Stars indeed neither Increaſ-s not 
Diminiſhes, but according to our Senſe in a vulgar 
manner, we ſpeak ſo, becauſe their Light appears 
at one time more clear, at another time obſcure, al- 
{o at another time they are not plainly ſeen by us. 


* M5 


* 


, 
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3. This Paſſion is proper to all the Stars, as well 


Fixt as Wandring, the Sun only excepted, which ſince. 


tis the Fountain of all Light, can be hid by none 
more brighter. 6 279-1] Ot 920 
4. And the cauſe of the greater or leſſer light of 
the Stars is not one, but threefold : Firſt indeed ge- 
neral, as well to the Fixt, as io the: common Wan- 
dring ; to wit, the greater or leſſer diſtance of a Star 
from: the: San. Te 19166311 
For the greater Light hides the leſſer, according 
to the Axiom of Opticks : Therefore alſo the nigh- 
neſs of the Sun, by its Splendor, hides the light of 
the other Stars; but the Sun being departed further 
off, makes the ſame to appear more clear : | 
Examp. in Fig. 163. A is the Center of the World, 
M NO the Zodiack, G FE à Segment of the Sphzre 
of the Sun, D CB a Segment of the Sphære of Venus, 


KS which is underſtood to go about in the Epicicle 


HIKL : The Right Lines therefore A I M and 
ALO drawn, by the points of Contact I and L, 
ſhew in M and O the place of the greateſt digreſ- 
ſion of Venus from the place of the Sun M; Venus 


therefore in H lyes hid, but is firſt beheld in P; 


although by reaſon of the Sun's nearneſs ſhe is ſcarce 
apprehenſible to ſight ; being removed from hence 
into I, further from the Sun, ſhe ſhines with a grea- 
ter light : But afterwards from I towards K, while 
ſhe approaches again nearer to the Sun, ſhe again 
ſhines leſs: But from 2 to R ſhe again lies hid, 
and, as it were, Combuſt by the Sun-beams, until 
—_ got from R, ſhe again acquires her Splen- 
„„ | | 

5. Another cauſe of the Increaſe and Diminution of 
Light, beſides the other Planets, chiefly concerns the 
three Superiors, and is indeed the greater or leſſer 
diſtance of the ſame from the Earth, b 


2 For 


< 


—— — — — ——ỹ— 


— — — — 
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For the enlightned Object being nearer or further; 
as the quantity of Body, ſo alſo the Clearneſs of 
the Light is increaſed and dimitiſhed : Therefore 
ſince alſo theſe Planets are ſometimes elevatgd high- 
er in the Sky, ſometimes they lower themſelyes 
nearer to the Earth it comes to pals that by how 
much further they are remote from the Earth, by 
ſo much they appear leſſer; and by how much 
nearer they are to the Earth, by ſo much greater 
they appear, not only in quantity of Body, but alſo 
in clearneſs of Light. 8 

6. The Third cauſe of the increaſe and decreaſe 
of Light being divers, from the former. the Moon 
claims chiefly to ber ſelf; and it is becauſe the Moon 
having only a borrowed light from the Sun's being in 
Conjunttion with her, the ligbt received from the 
Sun is again retorted upwards to Heaven; but the 
dark and ſhadowy tohole half is preſented to our 
ſabt on the Earth: And afterwards the Moon depart- 
ing from the Sun, part of it is ſeen by little and 


le to turn it je If to the Sun, and thereupon 4 
greater portion than the half of it is ſeen, being 


enlightned from the ſame, until at length being op- 
poſite to the Sun, the whole Half is Enlightned at the 
Sun, and turns about the interpoſed Earth, and ſhines 
with a full Orb _ ” 
I. The Moon wants proper Light, and hath only 
borrowed Light from Luminous Bodies, in the light 
of which ſhe is converſant, no ſhadow inte: ceding; 
and chiefly indeed from the Sun, the Fountain of all 
Light in the World; from thence we know ſhe 
borrows Light, becauſe in Eclipſes ſometimes the 
whole is ſuddenly loſt, that not ary Foor-ſtep of it 
appears, when notwithſtanding in the place near it, 
Fixed Stars may be ſeen of the fourth or fifth Mag- 
nitude: That the cauſe of this difference cannot be 
transferred to the thickneſs of Air, hor to the _ 
ES | | 5 23 A OW 
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dow of the Earth, which enters in Eclipſes, in 
which Eclipſes, if ſhe ſhould hade any proper Light; 
ſhe ought to ſhine more ſplendid” than without the 
Shadow, as in an unſeaſonable or dark Night, all 
light of the Day being abſent, rhe light of the Moon 
cauſes ſuch a Light, that it almoſt changes the Night 


into Day. ITE] 


2. Moreover, that the ſame Moon ſhews to us al- 
ways one and the ſame Face, we are aſſured of it, 
from the blemifhes of it, which are always difcern- 
ed in the ſame pofirion:. OO HOODS I 
3. And that tis not Pellucid or Shining; but is the 
ſame ſhady Body, is evident from rhis, that neither 
our Sight, nor the Rays of the Stars, nor the moſt 
ſptendid Light” of che Sun, goes through it; for be- 
hind it, all the Stars to whom ſhe comes unto, lie 
hid, until ſhe be paſt them; Alſo 'in Solar Eclipſes 
the ſame ſo covers the Sun, that it turns the Day al- 
moſt into Night. te tee ae 
4. Therefore ſince alſo ſhe hath a Globous Body, 


—— 
” 


and by her Monthly Courſe turns her ſelf Circular- 


ly about the Sun, it follows thereupon, that the il- 


luminated part is caſt againſt the Sun; and altho' 


that half of it, which offers to the Sun, is always 
ehlightened by the Sun : Yet our half, to wit, that 
which is ſeen by us, is ſometimes turned from the 
Sun, that ir cannot enlighten it; ſometimes ir is ob- 
jected in part only, at other times greater, and ſome- 
times leſſer; Whence we ſee It illuminated only in 
part, and indeed by reaſon of the Rocundiry of the 

unar Body, we lee it either Horned or Bi ſected, or 
greatly SwoPn up: Laſtly, ſometimes ſhe is oppoſite 
to the Sun ſo, that we may diſcern the whole, thine- 
ing: In the like Ratio, but in am oppoſite manner, 
the Light of it again decreaſes: See Fig. 164. 
In which As the Center of the Sun, B the Cen- 
ter of the Earth, C * is the Orb of the Moon, 

8 FASL: im 


————— —= — * ” 


Sibbous. 


in which the Body of jt goes about in; of the two 
halves of which, one is always caſt againſt the Sun, 
and enlightned, gither the White or that which is 
ut with Lines, the other is obſcure, being turned 
rom the Sun, and is depicted Black: The White 
part is the Illuminated half ſeen by us, that cut by 


the Lines is indeed illuminated, bur ſhews the part 


turned {rom us: The Lines drawn from H and I, 
the Extreams of the Sun, to K and I, the Extreams 
of. the Body of the Moon, determine that half of 
the Moon always enlightned by the Sun: But the 


Lines drawn from B, the Center of the Earth, to M 


and N, limit that half of the Moon MP N always 


turned towards us. 


Therefore the Moon being joined to the Sun in . 


turns LO K, the whole illuminated half, from us; 


whence, nothing off it is conſpicuous to vs, ( ſince 
the whole looks upwards) but the obſcure or ſhady 
part looks downwards. Sag oi en 
Without the Conjunction, ſuch à portion of the 
Moon is ſeen to ſhine, to us as, both the halves, and 
hath that part common, which beholds the Sun and 


us 3 gs in Fig. 165, the Moon being in D, diſtanti 


from C by leſs than a Quadrant, the common part. 


is leſs than a Quadrant; and then the portion ſeen, 
appears in a horned Curvature, and hoflowed in the 


middle, by reaſon of the Curvity of the Lunar Su- 


erficie, in the ſame manner as is ſeen in the pre- 
ent Figure: But when the Moon is in E, diſtant 
a Quadrant from (, that half of the Moon turned; 
to us MP N, in Fig. 1 29, one half part is illumi- 
nated, and the other half is as yet dark or ſhaded, 
theretote the: Moon is ſuppoſed to be cut in the; 
middle: In the ſame manner. if the Moon be in 5 
diſtant from C by -a ſpace greater than a, Quadrant: 


it alſo. ſhews to us a greater part illuminated than 


an half, and now he begins to become ſwel ling of 


S 


8 
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- Laſtly, the Moon being in G, oppoſite to the 


Sun, the whole half ſeen is illuminated by the Sun, 


and therefore the whole Orb ſhining, ſhe im 


all the Light to the Earth, which the borrows from 


[ 


tte ode ii 1160 Lo iti; : 7 EG SOT 
J. And there are five divers kinds of Vlumina- 
tion, the Order and Appellation of which is thus. 
r cl ,5i3- O70 Us 16 a 


1. The Firſt happens in a Conjunttion of the Sun 
and Moon, in whieh'the Moon is placed between the 
Eurth and the Sun, receiving all the Light from the 
Sun, fhe retortr or = it upmaumdo to the Heavens, 
but the Opacous or Shady Halſ ſbe _ downwidyds: 
to the Earth, and our Sight Ihen becauſe-in fuch- 
Conjunttion the Moon is totally deprived of Light, 
ſhe gſcepes our Sight, and therefore tis quid to be 
Gi <5 wot” x tens 3 td 

But the time of this ConjunRion is called Inter- 
junium, the Moon giving no Light, for from this 
time ſhe is ſuppoſed to grow up again anew, and 
to be enlightned .: but the Moon being in Conjun- 
Aion, and not ſhining, is uſually called New Moon, 
and from hence alſo until ſhe is oppoſite to the 
Sun, tis called the increaſing of the Moon. 


2. The Second happens when the Moon, two or 
three Days after the Conjunttion, goes forth from the 
Sun beams, and turns the part Teen by us, by little 
and little to the Sun, and begins a new to be enlight- 
% 3 

Ihis continues to the Seventh Day, at which time 
tne Moon proceeds from the Sun by a Sextile Af 
beck, even to a Quadrant: But the Moon at its firſt 
ippearance, is called the Firſt Day, the other Days 
tie is aid to be Hefned, Crooked, by . reaſon ot its 
apparent Form. ESE 


3. The 
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3. The Third, i when the Moon at the Seventh 
Pas 4s diftant Pom ihe Sun ly Quadrant of 4 
5 1 bollownsfe being filled wp, ſhines by an 
ERC, 202 J 
This time is called from the Figure of the Moon, 
the Square or the Firſt Quadrature, from the Poſiti- 
on of the Moon to the Sun, but the Moon being 
Biſected in the middle, is ufually called half Full 
4. The Fourth, ic, from the Seventh Day, even to 
the Fifteenth, and therefore after: the firſi Quadra- 
ture even to the. oppoſition, ſhe is Stwelling and Gib. 
bous in the middle, and is bebeid to ſbine by more than 
This Moon is named, Swelling, G 
F. Laſily, the Fifth, is ohen the Moon at the Fif- 
teenth Day is oppoſite to the Sun diametrically, he. 
ing diſtant from it h the whole: Heuvęn, and ſpincs 
| avith its whole O ig OO 5 #8 5 5 
Then the Moon is ſaid to be Oppoſite, Full, ſhining 
all Night; and at this time tis called Full Moon, 
or in Oppoſition. © © 7 OY 
For from this time, even to the other New Moon, 
the Moon begins to wax old, er decreaſe, and re- 
peats all thele in a Retrograde Order. 
For from the Fifteenth Day to the Twenty ſecond, 
ſhe appears again Gibbous ; again the Twenty {c- 
cond Day ſhe becomes halved : From hence to the 
Twenty ſeventh Day ſhe appears almoſt anew a- 
gain, and horned : And the laſt Day of appearing 
iS Called the moſt New Moon, aftewards on the 
Twenty ninth or Thirtieth Day fle is joined again 
to the Sun, and is as it were renewed or born again. 
(Therefore by reaſon of this,” I. In the Conjin- 
Qton of rhe Sun and Moon, the Night is dark, and 
without Moon jhine. . 


2. In 
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2. In the Oppoſition, the Moon ſhines all Night. 

3. In the fixſt Square numbred from the Conjun- 
ction, the former part of the Night is illuminated, 
and the latter part of the Night is dark, or withour 
Moon ſhine. | Bus \ IS 408; 1 „ 

4. In the latter Square from the Oppoſition, che 
former part of the Night ſhe. ſhines not, and the 
later part ſhe Things). f 


8. The Second Kind of the propoſed Sorts of Paſe 
frons, is that in which the Planets are faid to be, 
1 J. Oriental. ; : 


2. Occidental. a 
3. Pernox, or remaining all Night. 


ng before the Sun. | RE 1 
2. Occidental, when ſhe Sets in the Evening. af- 
ter the going down of the Sun. 
3. Pernox, when the Planet 7 5 in the begin- 
ning of the Night, and Sets at the end of it, and ſo 
is above the Horizon all Night long. 


9. I. Oriental, when 4 Planet ariſes in the Morn 


So the Moon increafing from the Conjunction to 
the Oppoſition, is Occidental or Weſtern; but de- 
creafing from the Oppoſition to the Conjunctibn, 
ſhe becomes Oriental, or Eaſtern: Venus alſo chan- 
ges Orientally and Occidentally; for being Oriental 
the is called Lucifer, or the Morning Star, but be- 
ng Occidental ſhe is called Ve/per, or the Evening 

tar. * 


10. And the Third Kind of the Third Sort of 
Paſſions is that in which the Planets, 2 
1. Are compared between themſelves, ſome Ri- 


ling Heliacally ſwifter or ſooner, others more flow- 
iy or later. S ; 


2. Each 
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2. Each one alſo appearing ſometimes ſooner 
from the Sun beams, other times tarrying longer. 
11. The cauſes of this thing are three. 
1. Is the flower or ſwifter removing of a Planet 
rom the Sun, or-of the Sun from a Planet. 
mT OE For this Cauſe, - = 
I. Saturn diſplays it ſelf ſooner from the Sun 
beams than Jupiter, and this ſooner than Mars, 
for as much as Saturn purſues the Sun in the Diur- 
nal Motion moſt ſlowly, Jupiter more fwiftly, 
Mars moſt ſwittly : one and the ſame of theſe ap- 
s or emerges ſooner or ſwifter in Apogeor than 
in Perigæon, becauſe the Motion of them is there 


+ aan. nai 5 <6. Ir aa tt vv. 
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flower, here ſitter. „„ 
2. Venus and Mercury being Retrograde, depart 
; ſwifter or ſooner from the Sun, than when Direct. 

; 3. And the Moon being ſwift in motion, ſhews 
p her feif ſooner than if ner. IE. 

| 2. The Second Cauſe, ic the diverſe Latitude of 
| For a Planet after a Conjunction Northward, ap- 
: pears ſooner or ſwifter to us in the Northern part 
| of the World, than if it were Southern : Whence 
| alſo it comes to paſs that ſome Stars by reaſon of 
1 their great Latitude Northward, are beheld as well 
i in the Evening after Sun Setting, as in the Morn- 
a ing before the Riſing of the ſame. 

3. The Third Cauſe ic the unequal Aſcenſſon of 


the Signs of the Zodiack. 
For a Star which in Signs rightly aſcending, goes 
before the Sun, although it be diitant from it by 2 
ſhorter Arch of the Zodiack, yet tis efteemed to be 
futther removed trom ir, than it in Signs aſcending 
obliquely, it departed from the Sun by a greater | 
Arch of the Zodiack. . 
S515 x 4. 2A f 
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4. A Fourth Cauſe, :s the Obliquity of the Hori- 
This alters the former cauſe very much, for the 
divers poſition or placing of the Horizon, changes 
the Angles which cuts the Ecliptic; which by how 
much they are leſſer, they require therefore a greater 
diſtance of the Sun from the Earth for the conclu- 
ding Limit of Apparition. Ke 5 
According to theſe ennumerated Cauſes, firſt of 
all the Moon being deficient or renewing, haſtens or 
ſuſpends its Riſings, or Breakings forth; for ſome- 
times in the ſame. Day ſhe appears Old and New, 
and then *tis called the Laſt and the Firſt, to wit, 
if all theſe cauſes concurring they make her ſwifter 
in Courſe, and Northern, in Signs of greater deſcen- 

ſion; but by how much the fewer of theſe Cauſes 
meet together, by ſo much the flower, to wit, ſome- 
times after the Second Conjumttion, ſometimes the 

Third, now and then the Fourth, ſhe appears con- 

ſpicuous by her ſelf in the laſt day.) 


CHAN: 
Of the Rinds of the Fourth fort of Paſſions. 


1. THE Fourth Kind or Sort of Paſſions, from 
the Relation of the Riſing of the Planets 0 
the Earth, hath Three Kinds or Sorts. 
I. The Parallaxes of the Planets. 
2. The Refractions of the ſame, of which we 
[hall ſpeak in this Chapter. 15; 
3. The Eclipſes of the Sun and Moon, of which 
we ſhall treat in the following Chapter. 
2. The Parallax, is an Arch of the Vertical Circle, 
antercepited between the rue place of the Star ſhewn 
TS. | | | 0 
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from ” ts Ges of the Earth; and the apparent 
place, obſerved from its & urface. 


For if from the Center of the Earth you draw a 
Right Line thibugh the Body of any Planet even to 
the Zodiack' : And another alfo f the Surface 
of the Earth, or from the Eye of the Speckrof to che 
fame; tis manifeſt; that Hoſe Lines will meet in 


the : Body of the Planet, but they will preſently 2 


in part or disjoin, and that will ſhew to be in one 
e of the Zodiack, and this in another: There- 


dre this place which is ſhewn by the Right Line, 


drawn from the Eye of the Sele on the Surface 
of the Earth, we Kell the Apparent place: That 
8 which is ſhewn by the R fy Line drawn from 

e Center of the Earth, we call the true place of 
the Planet ; and the Arch intercepted between theſe 
two places we call the Parallax, which ſome call 


the Variation, Changing, Wandring of the Sight, 
Unlikeneſs o * Alpes, 


(Vote, Hitherto the true and apparent place or Motion, hath 
been one and the ſame, but in this buſineſs. of Parallaxes tis 
otherwiſe; one is the True place, the other the Apparent ; 


which we thought fit to Note, leſt you ſhould be deceived by the 
a of the Terms.) 


2. And this P 00% 4 agrees 5 to all Stars, but 
to 232 only, 10 fe diſtante from the Earth, the 


Semidiameter of the E . hath Senſible Magnitude. 


Therefore From this kind of Paſſion are excluded 
the Fixed Stars, with the three Superior Planets, 
to whoſe diftance the Semidiameter of the Earth 
hath ſcarcely the Ratio of a Point : The Sun either 


hath none, or not an whole Parallax, which is dif- 


cover'd by Obſervations : And *ris reckoned. either 
from ſome other diſtance firſt known, or from the 
Ratio of the Lunar Parallax es, or from Solar Eclip- 
ſes; and is then only uſed, if the moſt” accurate 


Ratio of Calculation require it. 


Venus 
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Venus and Mercury have Parallaxks without doubt, 


but concerning thoſe, A/ ronumes are not Sollici- 
tous, by reaſon of the Sinallneſs": Therefore the 
Moon only is left, which ſince tis ner to the Barth 


it makes a Parallax diſcoverable by Obſervations; 


3. And the Parulltx'ts cunſidlored, us well In the 

Zolliue, as in the Vertikal Cirelt WQ. 

44. This is an Arth of the Vertical Circle — 
5 


red bet toon the True and Apparent plate, und ſhe 


the difference of Both,” = nn OT 
In Eg. 166, A is the Center of the. World, or of 
the Earth, A B the Semidiameter of the Earth, C tlie 


Body of the Moon; Therefore 4 CD ſhew tat D 
is the true place of the Moon in the Zodiack, and 
the Right Line BCE fhews that E is the ſeen or 
apparent place, in ſuch manher as it appears from 
the Surface of the Earth B: And there is a quadrant 
of the Vertical Circle F G, between the Zenith E, 
and the Horizon A G, paſhng through the true place 
of the Moon D, and the Apparent F: Therefore the 
Arch D E is the Parallax conſidered in the Vertical, 
whereby the Eye in B, by its fight, errs from the 
true place D. Do, 155 © 

5. The Parallax conſidered in the Zodiack, is ei- 


ther of the Longitude or Latitude of a Star. 


6. The Parallax of Longitude 7s an Arch of the 
Ecliptick, intercepted between two Circles paſſing 
thro” the Poles f it, of which; one is drawn thro 
— true, the other thro the Apparent place of the 

tar. n | 

In the precedent Scheme, HT is the Ecliptic ; the 
Arch D H from the true place cuts the Ecliptic in 
K at Right Angles, and conſequently through the 
Poles : So EL the Arch drawn from the Viſible 
place, cuts the ſame Ecliptick in Lat Right Angles, 
theretore K L is the Arch of Parallax according to 
Longitude. | | 
WE 7. The 


PP 
. <> et 
* 
. 


J. TheParallax of Latitude 26 an Arch of a great 
. Circle at Right Angles to the Echiptick, intercepted 
between two Parallels of the E 3 one of which 
paſſes thro? the True place, the other thro' the Appa- 
rent place. . 1 R | Sen; 
In the ſame Scheme MN is a Parallel of the 
Ecliptick drawn thro? the true place D, cutting the 
Arch E L in O: But PS is a parallel paſting thro 
E the apparent place, and is divided by K D, conti- 
nued in R: Therefore the Arch DR or O E is the 
Parallax of Latitude, coſtituting a Rectangled Pa- 
rallelogram DORE, of which, any of the Sides are 
; Arches of Circles, yet by reaſon of the ſmall differ- 
ence, they may be accounted for Right Lines : But 
the Diagonal of this Parallelogram D E is equal in 
power to the Sides D O and O E, or D Rand RE. 


8. The Parallax conſidered in the Vertical Circle, 
bath theſe Properties. 


1. The Moon being in the Zenith, as happens in 


the Torrid Zone, the Viſible or Apparent, and the 


True place, fall in with one another. | 
As in the Scheme, if it ſhould be in E, then AF 


and B F make one Line, 


2. The Moon being remote from the Zenith, the 
os place and the' Apparent differ between them- 
ves. AG ans „ 

3. And both is in the ſame Vertical, but the Ap- 
parent always lower than the True place. 

4. The greateſt Parallax is made in the Horizon. 

5. The Moon by how much remoter ſhe is from 
the Earth, it produces the lefler Parallax ; and the 
greater, by how much lower the is. E122 

6. RetraCtions alſo increaſe Parallaxes, and make 
them greater than Juſt. Fo 


9. The Parallax conſidered in the Zodiack as thus. 


4 
1. The 
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1. The Moon being in 90? of the Ecliptick above 
the Horizon, hath no Farallax of Longitude. 
2. In which the Ecliptick is Vertical, and paſſes 


through the Zenith, having no Parallax of Longi- 


tude, which can only happen in the Torrid Zone. 
3. Beyond 30 of Polar Altitude to thoſe that 
inhabit towards the North, the Parallaxes always 
happen in the South, and make the Moon more 
Southward than indeed ſhe is; whence alſo the 
Northern Latitudes of it are always leſs than true, 
but the Southern greater. VV 
4. From the Eaſt to 90 the Moon appears more 
Eaſtern than in truth ſhe is, but from 90“ to the 
Weft ſhe appears more Weſtern than juſt ; there 
the Apparent place precedes, | here it follows the 
True place, according to the order of the Signs. 
(And 900 of the Ecliptick is that which is equally diſtant 
from the Eaſt and Weſt : The Moon being conſtituted in it, is 


known from the fbllowipg Rules. . 
1. If a perpendicular being hung up, touch, as it were, both 
horns of the Moon, ſhe poſſeſſes 909%. | 


2. If the upper Horn turn to the Eaſt, ſhe is not as yet come 
to 90: If to the Welt, ſhe hath already exceeded it.) 8 


O Refrattions. 


10. Refraftion, is the Elevation or Suppreſſion of 
any Star by reaſon of thick, and unequul tranſparen- 
cy, 10 wit, the Vapors Elevating themſelves from the 
Earthly Globe. | 8 

By reaſon of theſe Refractions, the Stars do not 
always appear in that place, which indeed they are 
in, but appear higher from the Horizon than Aſtro- 


nomical Calculations admit: Likewiſe the Sun, and 
the other Stars are ſeen to Ariſe ſooner, and Set la- 


ter, than in truth they Riſe and Set. N 
Ihe Image of Sol and Luna in Vapors by Refra- 
dion, you may ſee in Fig. 167. # 
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7. The Parallax of Latitude 25 an Arch of a great 
_ Circle at Right Angles to the Ecliptick, intercepted 
between two Parallels of the Ecliptick, one of which 
paſſes thro the True place, the other thro' the Appa- 
„„ : t 
In the ſame Scheme MM is a Parallel of the 
Ecliptick drawn thro the true place D, cutting the 
Arch E L in O: But PS is a parallel paſling thro 
E the apparent place, and is divided by K D, conti- 
nued in R: Therefore the Arch DR or O E is the 
Parallax of Latitude, coſtituting a Rectangled Pa- 
rallelogram DO RE, of which, any of the Sides are 
Arches of Circles, yet by reaſon of the ſmall differ- 
ence, they may be accounted for Right Lines: But 
the Diagonal of this Parallelogram D E is equal in 
power to the Sides DO and O E, or D R and RE. 


8. The Parallax conſidered in the Vertical Circle, 
bath theſe Properties. 5 | 
1. The Moon being in the Zenith, as happens in 
the Torrid Zone, the Viſible or Apparent, and the 
True place, fail in with one another. ” 
As in the Scheme, if it ſhould be in F, then 4 F 
and BF make one Line, = 
2. The Moon being remote from the Zenith, the 
Frue place and the Apparent differ between them- 
ſelves. „ . 
3. And both is in the ſame Vertical, but the Ap- 
parent always lower than the True place. 
4. The greateſt Parallax is made in the Horizon. 
5. The Moon by how much remoter ſhe is from 
the Earth, it produces the leſſer Parallax; and the 
greater, by how much lower ſhe is. 
6. Relractions alſo increaſe Parallaxes, and make 
them greater than Juſt. 


9. The Parallax conſidered in the Zodiack is thus. 
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1. The Moon being in 90? of the Ecliptick above 


| the Horizon, hath no Parallax of Longitude. 


2. In which the Ecliptick is Vertical, and paſſes 


through the Zenith, having no Parallax of Longi- 


tude, which can only happen in the Torrid Zone. 


3. Beyond 30? of Polar Altitude to thoſe that 
| inhabit towards the North, the Parallaxes always 


happen in the South, and make the Moon more 
Southward than indeed ſhe is ; whence alſo the 
Northern Latitudes of it are always leſs than true, 
but the Southern greater. A 
From the Eaſt to 90? the Moon appears more 

Eaſtern than in truth ſhe is, but from 90? to the 
Weſt ſhe appears more Weſtern than juſt ; there 
the Apparent place precedes, here it follows the 
True. place, according to the order of the Signs. 

(And go? of the Ecliptick is that which is equally diſtant 
from the Eaſt and Weſt : The Moon being conſtituted in it, is 
known from the followipg Rules. | 


1. If a Perpendicular being hung up, touch, as it were, both 


' horns of the Moon, ſhe poſſeſſes 900. 


2. If the upper Horn turn to the Eaſt, ſhe is not as yet come 
to 90: If to the Weſt, ſhe hath already exceeded it.) 


5 of Refractions. 


10. Refration, is the Elevation or Suppreſſion of 
any Star by reaſon of thick, and unequul tranſparen- 
cy, to wit, the Vapors Elevating themſelves from the 
Earthly Globe. 

By reaſon of theſe. RefraCtions, the Stars do not 
always appear in that place, which indeed they are 
in, but appear higher from the Horizon than Aſtro- 
nomical Calculations admit : Likewiſe the Sun, and 
the other Stars are ſeen to Ariſe ſooner, and Set la- 
ter, than in truth they Riſe and Ser. 

Ihe Image of Sol and Luna in Vapors by Refra- 
lion, you may ſee in Fig. 167. 
nr Aa The 


_ and Lunar. 
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2. The greateſt Ref altions are made near the Ho- 
rizon : But about 45 of attitude they become inſen- 


T 


% ͤ % 


us unbroken. 8 . 

And by what Law Refrucfions are made, and how 
they are found from Heaven, the Ingenious Tycho 
Brahe hath raught in making two Tables of Refra- 
tions, one for the Sun and Moon, the other for the 
other Planets and kixed Stars. | 
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CHAP. VE * 
of ECLIPSES. 


1. Mong Heavenly things, the Princi al, and by 
ſome eſtemed very ſtrange, are the Eclipſes 


of the Sun and Moon, or the deſelt and fainting of 


the Luminaries, as ſome call them. 


2. Theſe are the Interception of the Light of the 


ſome, that it cannot be beheld by us Inhabitants on 


Earth. 
2. nd as the great Luminaries are two, the Sun 
and Moon, ſo alſo tbe Eclipſes are twofold, Solar 


Of Lunar Eclipſes. 

4. A Lunar Eclipſe, is the Privation of the Ligh! 
of the Moon received mutually from the Sun, which 
is male by the Earth interpoſing in Oppoſition to the 
Diameter of the dun and Moon. 

ed 1. There 
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1. Therefore Eclipſes of the Moon happen only in 
the Oppoſition of the Sun and Moon, or in Full Moon, 
whereupon the Moon ſhould ſhine with a full Orb. 

2. The cauſe of this is, becauſe the Moon wants 
proper light, and ſhines only with a borrowed light 


from the Sun: In Oppoſition therefore, the Earth 


Intervenes between the Sun and the Moon, and not 
only by reaſon of its Solidity hinders the paſſage of 


the Sun beams to the Moon, but alſo together with 


the compaſſed Air, caſts an obſcure ſhadow on rhe 


wan to the Sun, which being covered, rhe 


oon wants, and is deprived from light. 

3. But Lunar Eclipſes do not happen in every 
Oppoſition or Full Moon, but then only when the 
Moon is Diametrically oppoſite to the Sun, ſo that it 
either conſiſts in its Nodes, or in the points of Inter- 
ſection of its Circle with the Ecliptick, or not far 
from them: See Fig. 168. | 

But when in the time of Full Moon ſhe wandcrs 


Tomewhar further from theſe Nodes to the fide of - 


the Ecliptic, then the Terreſtial ſhadow being weak- 
ned, {he eſcapes free from the Eclipſe or Defect. 


5. And the Lunar Eclipſes are twofold : Total 


and Partial; or Wholly and in Part; i thoſe, the 
the whole Moon is hid; in thele, only ſome part of the 


Moon is obſcured: See Fig. 169 and 170. 


6. Both are twofold, for they are made Total, either 
when there is fome delay in the Terreſtial Shadow, or 
without delay. 


In Part alſo, either Hal of the Body of the Moon 45 


wanting, or more or leſs than Half: See Fig. 171 and 
172 | 


7. The Cauſes of this Variety are Four. 


I. The unequal Latitude of the Moon, or the 
greater or leſſer diſtance of it from the Ectliptick. 


For a greater diſtance leſſens Eclipſes in the Ratio 
of Duration and Quantity, bur a leſſer increaſes the 
lame. | Aa 2 2, The 
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2: The unegual thicknefs of the Terrene Shadow. 
For the Earth which is much leſs than the Body of 


the Sun, caſts from it {elf a Conoid ſhadow, which by 


how much higher *tis advanced, tis rhe more dimi- 
nithed, until at length it decays into a point; there- 
tore when the Moon goeth lower, ſhe paſſes thro 
the groſſer part of the ſhadow : from which the 
Ecliple is increaſed ; when ſhe is higher from the 
Earth, ſhe paſſes thro' the thinner part of the Sha- 
dow, whence Eclipſes are diminiſhed , Fig. 173. 

In t this Figure the Moon paſſes thro? A and , the 
groſſeſt part of the Shadow, bur higher in D and C 
the patles thro' the thinner . 


2. The unequal diſtance of the Sun from the E arth, 


which /ikewiſe alters or varies the groſsneſs of the 
1errene Shadow. 

For the Sun in Apogeon is remoter from the Earth, 
and ir makes a grolſer and longer ſhadow, but being 
in Perigæon, ſhe makes a thinner and ſhorter ſlia- 


dow, ſhe being nigher to the Earth. 


Ia Fi. 174. The Sun being Higher in C, Terminates the ſha- 
dow of the Earth f, but the Sun being lower in F, Terminates 


the ſame in L: Therefore the Moon by her paſſing through the 
- fhadow about M &, finds it thicker, by the Suns ſtaying at Apo- 
gæon than at Perigæon. 


4. Laſtly, the fourth Cauſe, is the unequal Digreſ- 


fron of the Moon, from the true of the Sun; for the 
Moon bing ſwift, ſhortens the time of Duration, 
but being /low draws it forth longer. 

8. and Eclipſes are eſtimated by the magnitude 
of Lunar Digits. of which the Diameter of the Moon 
19 underſiood io have 12. 5 

See Fig. 171 & 172, In which you may perceive that the De- 


fect or Eclipſe of the Moon may ſometimes be ſo great, that if 


it had 22 ſuch Digits, yet all may be Eclipſed. 

9. The beginning of Lunar Eclipſes is made from 
the Eaſlern part of the Moon, on which ſide alſo the 
tight of the ſame is firſt reftored, 


For 
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For ſince the Moon proceeds from the Weſt into 


the Eaſt, to wit, by its proper Motion, whither the 


ſhadow enters, therefore its Eaſtern part is firſt E- 


clipſed, and again iſſues forth. 


10. But in Partial Eclipſes, if the Latitude of the 
Moon is North, its Southern part is Eclipſed, but 
if the Latitude be South, ſhe is Eclipſed in the Nor- 
hen 4.” Wee | : 

For the ſhadow of the Earth is always oppoſite 
to the Sun, and the Sun always remains in the Eclip- 


tick: If therefore the Moon in Eclipſe hath North 


Latitude, of neceſſity the South part of it will be 
Eclipſed, and the contrary. | 3 
11. Although the Eclipſe of the Moon be beheld in 
the ſame Moment of Natural Time, and in the ſame 
Quantity, by all thoſe above whoſe Horizon the Moon 
is Riſen, yet the number of this time is divers, by 
reaſon 0 Variety of Meridians , by reaſon of 
which, thoſe that are Eaſtern always number more thun 
thoſe that are Weſtern. 

So in the Year of Chriſt 1497, the 18th Day of 
January, the beginning of a Lunar Eclipſe was ob- 
ſerved at Rome, 5 Hours and 24 Minutes atter Noon 
but at Norinberg, a place more Weſt, at 4 Hours, 
and 52 Minntes. 

Of SOLAR Eclipſes. 


12. A Solar Eclipſe, is the Averſion or Turning 


away of the Sun beams from the Earth, which is by 
reaſon of the Interpoſition of the ſpadotey Body of the 
Moon, between the Sun and the Karth. 

1. Note therefore this difference between an Eclipſe 
of the Sun, and one of the Moon: In a Lunar Eclipſe 
both the Moon is deprived of irs borrowed lighr 
from the Sun, and we the Dwellers on Earch from 
the light of the Moon: But in an Eclipſe of che Sun, 
the Sun loſech nothing of its light, but che Moon 


intercepts the light of the Sun from us. 
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2. The Eclipſes of me Sun then only happen in the 


Conjundtion of the Sun and Moon, or in New Moon. 


3. And the Cauſe of theſe, is the Interpoſition of 


the Moon between the Sun and the Earth, which 


hinders the paſſage of the Sun beams to us, and the 
ſhadow being caſt on the oppoſite part of the Sun, 
hides the Earth. - : —_— 7-5 

4. Nor yet do Solar Eclipſes happen in every Con- 


Aon or New Moon, but then only when the 


toon is converſant either in the Ecliptic, or in the 
fee in Lig. 120. . . 
F. And ſeeing the Lunar Conjunction is threefold, 
1. Mean, 2. True, (of which we have ſpoke before 


Nodes, or very near about the Nodes 3 a8 you may 


in the ſecond kind of Paſſions) and 3. Viſible or Ap- 


parent: When the Lines of Apparent Motion, are 
arawn from the fight of the Dwellers on Earth, 
through the Center of the Luminary, they will hap- 
pen in the ſame Degree of Longitude of the Zodiac; 
knowing that Solar Eclipſes are ingaged only to a 


Viſible Conjunction. 


For becaufe the Sun is not deprived of its proper 
light, but the Earth from the light of the Sun, by 
reaſon of the Moons being interpoſed, and the Sun 
exceeding the Earth by many parts, and the Earth the 


/loon in Magnitude, and therefore the ſhadow of 


the Moon cannot hide theebole Sum to all the Earth; 
therefore the Eclipſes of the Sun are not determi- 
ned to the Center of the Earth, from which the lines 
of true Motion are drawn, but to the fight of then, 


roh the ſhadow of the Moon comprehends. | 
in Fig. 176, AB is the Semidiameter of the Earth, B ſome 


place given on the Earth, in which the Left/Hand part reſembles | 


the Eaſt, the Right Hand part the Weſt : Therefore when the 
Moon C, the Sun D, are joined in 90 of the Ecliptick, there 1s 
n > difference between the viſible and the true Conjunction; but 


between the Eaſt and 90: The Right Line 4 FG ſhews the true 


Conjunction of the Moon , and of the Sun G, under the point of 


the Zodiack H: And the apparent Conjunction was w_ " 
| 0 
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Moon was converſant in L, in which place the lines B. L, G K, 
ſhew the Viſible Conjun&ion under K, on which fide the Eclipſe 
happens in B: Whence alſo it appears that the Viſible Conjun- 
&ion goes before on the Eaſtern part; the true following: The 
contrary to this is made on the Weſtern part · | 


13. And the. Solar Eclipſes are twofold, in like 


manner as the Lunar; to wit, Total and Partial, but 
all ibe Total without delay, with no ſtay. 5 
14. The cauſes of this diſparity, are almoſt the 


Same with thoſe which we have declared before in the 


Q 


Moon. | 


1. The firſt is the greater or leſſer Apparent La- 
titude of the Moon, or its diſtance from the Sun; 
and by how much tis greater, it makes both the 
Magnitude and the Duration of the Solar Eclipſz2 
greater, and by how much the leſſer it is, it makes 
them the leſſer. 8 ES 
2. The unequal diſtance of the Luminaries from 
the Earth; for the Moon being nigher to us, hides 
more from the Sun, than it ſhe were more remote. 
3. The unequal motion of the Moon, as well the 
True, as that which appears to us by changing the 
Parallax, makes the Eclipſe of tlie Sun ſhorter, the 


being ſwifter; but longer, ſhe being flower. 


15. Solar Eclipſes are neither beheld in the ſame 
Moment of Time, nor in all Places, nor in the ſame 
Quantity. 7 

The cauſe of this, is the ſmall true magnitude, 
and ſhort removal of the Earth, and the quantity ot 
the Terrene Globe, being greater, and the greacelt 
quantity of the Solar Globe. 

For by reaſon of the motion of the Moon from 
Weſt to Eaſt, the Sun is firſt hid ro thoie more 
Weſternly, atterward to thoſe more Eaſternly; o 
that while the light of the Sun is again reſtored to 
thoſe, theſe expect the Eclipſe to come; which hap- 


pens only in thoſe places of the Earch, which the 


ſhadow of the Moon covers, in which the Eclipſes 
| Aa 4 appcar 
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appear Total; round about in places not far remote, 
part only of the Sun ſeems hid, beyond them no- 


thing of the Eclipſe is ſeen : for the ſhadow of the 


Moon alſo when 'tis greateſt, hides or covers not 
beyond ſeventy Miles on the Earth, and can hide 
the Sun no more. © x n 

In Fig. 177, you may perceive that the ſhadow of the Moon 
takes not away the light of the Sun from the whole Earth: For 


While in the place B the whole Sun is Eclipſed, the half part of 
the Sun lies on C, and the whole part on D; whe: <fore if the 


place D be put to the Weſt, and B to the Eaſt, the Mcon by its 


motion tending from Weſt, will make the Sun firſt Eclipſed in 7, 
and after the Ecliple being ended there, the Moon being between 
the Sun and the place B, it will be Eclips'd. 


16. The Quantity of Solar Eclipſes alſo is E Hime 


ted by Digits, a4 well as Lunar, fo that likewiſe 12 


Digits are attributed to the Sun. | | 

Notwithſtanding *tis poſhble that the Sun may 
be Eclipſed 12 Digits with 11 Parts. 

And *ris known for certain, that the Air in Total 
Solar Eclipſes, hath been ſo obſcure ſometimes, that 
beſides that the Stars have appeared (which allo 
appears to have happened in the greater Partial E- 
clipſes) they have thought it wholly Night, and 
there hath been need of lighted Candles or Torches ; 
Such an one Maæſilin ſpeaks of, which hapned 1569, 
in Auguſt, in which it was as dark as in the darkeſt 
Nights, neither could one ſee where to ſet his Foot, 
and the Stars in the Heavens did appear moſt clear- 
Iv: And which was moſt wonderful, the Birds fell 
from the Air on the Earth, being frighted at ſo great 
darkneſs upon the Earth, as Mæſtlin reports. Yet 
there may be other cauſes, as well in Eclipſes as with- 
out them, of theſe prodigious dark Days; to wit. 
very thick Clouds, great force of Aſhes thrown from 
Holes of burning Mountains: A thick conſiſtencx, 
either nigh about the Sun, or in the Surface of it, 


znd other things alſo which may hide the 25 in 
g lome 


3 
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ſome certain places, which may conclude the Day 
to be Night. 


17. The beginning of Solar Eclipſes is made on the 
Weſtern part of the Sun, which part alſo is firſt re- 
ſtored to light again. 25 i 5 
For the Moon being moved from Weſt to Eaſt, this 
parr is firſt hid, and firſt again laid open. 
18. Ir Partial Eclipſes of the Sun, if the Latitude 
of the Moon is North, the Sun is Eclipſed on the 
North part; if South, on the South part. 

But becauſe the Sun is always converſant under 
the. Ecliptick, therefore according as the Moon con- 
ſiſts, beyond, or on this fide, ſo alſo the light of it 
is intercepted. - . | 

19. And we are wont to Note in Echpſes. 

1. The Duration, which is the time from the beginning of ob- 
ſcurity, even to the end of the ſame. | 7 
2. The Scruples or Minutes of the Chance or Incidence, which 
are an Arch of the way of the Moon, which ſhe goes thro' by her 
Motion of Longitude from the Sun, from the beginning of the E- 
clipſe, in Partial ones to the greateſt, in Total ones to the total 
ebſcuration. | 

3- The time of Incidence, is the ſpace of time in which the 
Mcon paſſes over the Scruples of Incidence. 

4. In the Moon are obſerved alſo Scruples, and the time of half 
an Hour, and thoſe are that Arch which the Moon paſſes over in 
her Motion of Longitude from the Sun, from the beginning of 
Total Obſcuration, even to the middle of the Eclipſe ; but thiy 
the ſpace of time it glides or paſſes by. 


20. To end this Diſcourſe 1 ſhall compriſe the dif- 
ferences of the Solar and Lunar Eclipſes, as it were 


in a Packet, or ſmall Bundle : Which are thus. 


I. The Sun in the Day time, the Moon only in the 
Night, is Eclipſed. 

2. The Sun is Eclipſed and Reſtored leiſurely, or 
by little and little in the New Moon, or Cunjundti- 
on: The Moon is Eclipſed and Reſtored by Degrees 
leiſurely in the time of Full Moon, or of Oppoſition. 

3. The Sun is ſeldom, the Moon oftentimes To- 
tally Eclipſed. 4. Yet 
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4. Let in the whole, the Eclipſes of the Sun are 
more frequent than of the Moon. 15 Fe 


F. The magnitude of the Lunar, every where: on 
Farth, where the Eclipſe, of the Moon is Conſpicu- 
- ous, is the ſame, the ſame time of Duration, the 
fame Moment of Natural time, of the beginning and 


ending, although under divers Meridians, num- 
bred in divers manners: But in Eclipſes of the Sun 
at one and the ſame time, they are elſewhere more 


Partial in the North than the South, in the South 


than the North; or leſſer in one place than another; 
beginning and ending at different Moments of time, 
laſting in ſome places ſhorter, in other places longer, 
and alſo in fome places none at all. 3 

6. The Moon indeed 1s deprived of its borrowed 
light: The Sun retains its Light, but that 'tis hid 
from us by the Moon. - 85 . 
J. The Moon being obſcured, nevertheleſs ſome- 
times ſhe is beheld of a Rediſh colour, but ſome- 
what Brown, and drawing to a Black colour, but in 
the Eclipſe of the Sun, the whole is hid. | 
8. The Eclipſes of the Moon happen in the true 
Qppolition of the Sun and Moon, bur yet under no 
true Latitude, or very little of it : But the Eclipſes 
of the Sun happen not in the true Conjunction of 


the Sun and Moon, but only in the Viſible and Ap- 


parent, whoſe True Latitude allo is not here conſi- 
dered, but the Apparent. N , 
9. The Total Eclipſes of the Moon are made 
ſometimes in a long time, at other times quickly: 
The total Eclipſes of the Sun are all without delay. 
21. Laſily inſtead of Corollaries, de think fit 10 


. ſubjoin ſome Queſtions, fit to be Noted, from the 
Lucubrations of the+ Excellent Mæſtlin, and other 


Aſtronomers.” 


Year ? 
; Anſw, 
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1. Whether the Luminaries are Eclipſed every 
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Hnſto. If we conſider the certain Motion of. the 


4? Sun and Moon, and make Experience the Witneſs; 
MN there happens not only in every Year, but every half 
* Vear, either one, or two, or alſo three Eclipſes of the 
10 Lührs „ e prayel 
d 2. Whether the Sun or the Moon is oftener E- 
* „ a nes ai 

n - "Anſt. It is not only the Opinion of the Vulgar, 
e but alſo of ſome Philoſophers, That the Moon is 
b oftuer Eclipſed than the Sun: But ſince the Terms 
ö belonging to Solar Eclipſes by reaſon of the Paral- 
5 tix of the Moon are the larger Luminary Terms, it 
) neceſſarily follows, that the Solar Eclipſes are more 
| frequent in general than the Lunar : Although the 
Solar are only ſeen in certain Tracts of theEarth; 
{ but. the Eclipſes of the Moon are Univerſal, which 
| appear in like manner to all that ſee the Moon. 

© Levertheleſs in particular, the Total Eclipſes of 


the Sun are fewer than the Lunar of all ſorts : But 
if we compare the Total of the Moon with the To- 
tal of the Sun, the Moon oftener takes away the 
whole Sun from the Earth, than the Earth takes away 
the whole Sun from the Moon : For the Body of 
the Earth being larger than the Body of the Moon, 
receives more ſtroaks of the Moon, than the Moon 
from the Shadow of the Earth: Laſtly, the Number 
of the Totals of the Sun thro' the whole Earth is 
the ſame in a manner with the Number of all kinds 
of the Moon. 

2. How many Echpſes may happen in one tear ? 
Almoſt in all ſingle Lunar Years (to wit, of 254 
Days) there happens either two or three of the Sun 
but of the Moon, either none, or one or two: And 
10 in the whole, there may happen in one Year ei- 
ther 2 or 3 or 4 or 5 Eclipſes, allo ſometimes 6 may 
happen, bur not in a Lunar Year, but in a Solar, to 
wit, when the Eclipſes happen about the beginning 
ol the Year. 4. M He- 
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4. Whether or no Eclipſes are more frequent in our 


Time, than in Time paſt ? 


This is proved in the Negative Opinion by this 


Argument, Where there is no mutation in Cauſes, 
there neceſſarily the Effects anſwer to the former 
Cauſes : But as yet there is not any mutation un- 
derſtood or ſhewn by any one in the Cauſes of Eclip. 
ſes, either Optick or Aſtronomick : Therefore nei- 
ther more, but frequently the ſame Eclipſes happen 
now as in times paſt ; he that would deny them to 
be leſſer, taxes on him the trouble of proying and 
demonſtrating why, where, and when the Change is 
made ? He that determines the contrary is deceived, 
from this, that in Diaries in times paſt Eclipſes have 


been noted no otherwie, or ſeen only, as they are at 


this time. | | | 
$5. Whether or no the Eclipſes of the Sun and Moon 
are Aſtronomicꝶ Signs of the laſt Days approaching 

There are ſome which deny it for theſe Reaſons. 
- 1. Becauſe theſe Eclipſes proceed from Natural 
_ Cauſes. a 

2. Becauſe the ſame frequently hapned in old 
time, as at this Day. | 


3. Becauſe Chriſt hath ſaid, there ſhall be other 


Signs præceeding the laſt Days; to wit, the Falling 
of the Stars, the Commotions of the Heavens, not 
having Natural Cauſes ; alſo the Obſcuration of the 
Sun and Moon, of which Chriſt ſpeaks, proceeds 
from other than Natural Cavſes. : 
Divines truly affirm it from the clear Texts of Holy 
Scripture, in Matth. 23. Mar. 13. and Lk. 21. an- 
ſwering to the aſngned Reaſons : Likewiſe that the 
Rainbow was before the Flood, and had Natural 
Cauſes; and nevertheleſs was placed by God as a 
Sign that the World ſhould not any more periſh by 
2 Flood: In like manner the Eclipſes al ſo of the Sun 


and Moon, altho' they have hapned from the begin- 
1 8 ning 
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ning of the World, which had Natural Cauſes, yet 
they may be Signs to put us in mind of the Laſt 
Day's approaching. | 

6. Whether or no the Moon be Obſcured by the 
Shadow of the Earth? 

Thus it hath been believed indeed in many Ages, 
which Opinion we alſo follow in the Doctrine of E- 
clipſes: But the Ingenious Kepler is doubtful of it; 
who ſhews that the extream Beams of the Sun, which 
ought to Terminate the Terrene Shadow, may be 
broke by two Misfortunes : Firſt, in a more thick 
Mean, to wit, from the Air at Perpendicular ; after- 
wards going from thence again into a thinner Mean, 


to wit, from the Sky from a Perpendicular ; and 


there coming together to ſharpen and ſhorten the 
Terrene Shadow, ſo that it cannot reach to the Sphære 
of the Moon: For the Point of this refracted ſhadow 
is not longer than 43 Semidiameters of the Earth, 
(when nevertheleſs others think that it may extend 
it ſelf to 268 Semidiameters ) but the Moon altho' 
in Perigeon, yet is not leſs from us than 54 Semi- 
diameters of the Earth : Theretore *tis ſome other 
thing which deprives the Moon of its borrowed light, 
to wit, the ſhadow of the Air: For altho? it be a Pel- 
lucid or Clear Body, yet 'tis Opacous or Shady. be- 
cauſe it alſo contains Air, eſpecially about the Limb, 
as every Pellucid Globe appears more dark about its 
Extreams; therefore it may ſpread the Shadow, not 
_ in it ſelf, but in a Thinner Body, to wit, in 
the Sky. | 

7. From whence proceeds that faint light which ap- 
pears in that part of the Moon when "11s Horned, 
which is turned from the Sun, being clear while be- 
held nigh the North Weſt ? 

Anſ. It is not properly of the Moon, otherwiſe alfo 
it would be perpetual ; when notwithſtanding about 
the New Moon *tis moſt ſtrong in the weakeſt 

Squares, 
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Squares, and ſcarcely perceptible by fight : But ſe- 


condly, tis from the Earth, being illuſtrated by the 


Sun, which refunds or caſts out again ſome light in- 
to the Moon; as alfo our Walls being ſtrongly Illu- 
ſtrated by the Sun, dart the light into Vallies, and 
cloſe dark places, and caſt in the Day to them. 

8. Why the Moon in Total Eclipſes ſometimes is 
quite loff, and ſometimes ſhines moſt plainly, with 4 
Red Colour, either by the whole Body, or in part? 

Again, the proper cauſe is not in the Light of the 
Moon, for it would be perpetual, at leaſt in the ſame 


part of the Body; but the Moon in that part of the 
Body which ſhines Red, falls in with the ſecondary 
Beams of the Sun, that is in our Air ſcatter'd about the 


Earth, being twice refracted, once in entring, again 
in going forth towards the Moon, the darkneſs of 
which diſeuſſes a little. 5 
9. Whether or no, and how the Moon, being much 
leſſer than the Sun, can hide the whole great Body of 
the Sun ? Ez == A 

Anſw. Yea certainly, for by how much leſſer the 
Diameter of the Moon is than the Diameter of the 
Sun, by ſo much ſhe is nearer to the Earth than the 
Sun ; but near things are ſeen to have a greater Dia- 
meter than if the ſame were remote. | 

1D. Whence is that bright remaining Circle, which 
Sometimes in Total Eclipſes of the San is beheld 
round about on every ſide e 

Becauſe this Circle ſometimes is beheld when the 
Diameter of the Moon appears greater than the Dia- 
meter of the Sun, ſo that the Moon ought to hide 
the whole Sun; tis neceſſary that the Cauſe ariſes 
not Aſtronomically but Phyſically. « 

Kepler ſays it is the Pellucid Air ſpread about the 


Globe of the Moon, in which the Sun beams are broke, 
as well in entring from above, as in going forth 


downwards, and happens refracted ro our Tight 
that 
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notable, an 


that manner in which the ſame Sun beams are dimi- 
niſhed in our Air ſpread about the Earth; and there- 


fore that Circle is rather of the Moon, than of the 


Sun, being Illuminated by the light of the Sun. 
11. Whether or uo the Eclipſe of the Moon may 
happen, both Luminaries being above the Horizon, 


and ſo without the Line of Oppoſition ? 


That may be by reaſon of the RefraQtion of the 
Beams of the Sun and Moon; whence it comes to 

als that the Sun, or any other Star being hid, as yet 
in truth beneath the Horizon, may appear above the 
ſame: Such anEclipſe Meſtlin ſaw at Tubing in the 
Year 1599, the ſeventh of y in the Morning, the 
Scheme of which you may ſee in Eg. 167. belong- 
ing to the Doctrine of Retractions. 

12. Whether other Stars may alſo be Eclipſed in 
that manner as the Sun and Moon ? | 


Lo Star can be Darkned and Eclipſed in Light like 
the Moon, for Venus and Mercury are not oppoſite 
to the Sun: The Shadow of the Earth extends in 
no manner to the Superior Planets and Fixed Stars; 
But like as in the Solar Eclipſe, the Moon hides the 
Sun, in the ſame manner as well the Fixed Stars as 


the Planets may be hid, according to the Ratio of 
Latitude, by all the Inferior ones. | 

13. Whether there may be given ſome Eclipſe, or 
ſuch a returning again, which ſhall be like tothe for- 
mer in all things © | = 

To this Queſtion Kepler anſwers in his Epirome 
of Aſtronomy, in this manner : By reaſon there are 
many Principles concurring to ſome Eclipſe, there 
cannot be any exatt order of coming back again; for 
the latter Series of them claims ſomething new, which 


when in the firſt returning is not. very conſpicuous, 
yet in the fecond it is doubled: This returning in 


Lunar gin he wa at they are moſt plain, is chiefly 
is determined in 223 Months, thut is, ex- 
atlly 
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allly 18 Lunar Tears, ſo that to one Decennoval O. : 
cle, the reſidue is one ſingle Solar; and it comes tg it 
paſs frequently as the ſame, nor much different; after ic 
this. time they run back and compare the Eclipſes, 
yet ſrom Ten Degrees of the Zodiac to the former WW 


Place. | >: To 4 

14. Whether the Eclipſes of the Luminaries are ei. wh 
ther the Cauſes or Præſages of Tragical Dangers? il 
And alſo whether they have any thing of Advantage? 80 


The firſt, Aſtr9/ogers teſtifie with great aſſurance, 4 

who præſage I know not what direful things from all 14 
Eclipſes, and fill the minds of the vulgar People with n, 
great Terror, which ill fortune theyalſo increaſeas they in 
think, but indeed ridiculouſly, by the Appellations 
of the Head and Tail of the Dragon, about which E- 
clipſes happen: If this be true, ſince every Year Eclip- 
ſes happen, we are at no time ſafe from great Evils: 
And altho' it cannot be denied but that the World is 
perperually troubled with great Calamities ; yet for 
what reaſon this perpetual miſery of the World 
} ſhould be joined with Eclipſes, thoſe Aftro/ogers only 
þ ſee; but withal, unleſs there are Injuries in God, 
1 which ſome pretend, as it he had only ordained E- 
clipſes for the deſtruction of Mankind; which ne- 
yertheleſs are, as it were, Ladders, by which we aſ- 
cend into Heaven, and contemplate the works of the 
hand of God, to the Glory of his Name. 

But what and how much benefit Eclipſes afford 
to the knowledge of Heavenly and Earthly things, 
the moſt excellent Mathematicians Mæſtlin and Kep- 

4 ler have taught in a large Catalogue, which we will 
| repeat as briefly as may be. 

[: Therefore the Cauſes being known, the wonder- 
fulneſs of theſe Eclipſes may be found our. 


1. The Courſe of the Moon, whoſe true place, without Eclip* , 


ſes is not obſervable, by reaſon of the Parallax of the Moon. The 
| 2. 
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2. The Sun is both higher and greater than the Moon; 
3. Both theſe Luminaries are Sphzrical, unequally diſtant from 
the Earth, and tliereforè each deſcribes an Eccenttick Orbit by 
Ms Et , ow ey 
4. The Earth is leſs than the Sun, and greater than the Moon, 
ſcituate in the middle of the Zodiack, making together, with the 
Water, one Round and Sphærical Body, ſomewhat uneven in- 
deed, becauſe af the Mountains, yet thoſe are incomparable to the 
whole Body of the Eartm. ** 
5. The Sun is the Fountain of all Light in the World; but the 
Moon delights not in its own, but in tlie borrowed Light of the 
un; and is of it ſelf a dark Body, Opacous, Thick, Uneven, full 
of Gaps, moſt like to our Earth; for which reaſon ſhe is called 
by Ariſtotle, and other Ancient Philoſophers, The Atherial Earth: 
The Parts of Similitude, are aſſigned thus by the-excellent Ae. 
lin, in his Diſputations of the Planets Paſſions, Printed at Tubing 


in the Year 1606. Od ER „ 15 
1. Both the Body of the Moon and the Earth is 
Round and Opacous, wanting proper light; being en- 
lightned by the Sun, in whole oppoſite ſhe or Arch 
they calt a Shadow. 5 

2. As in the Earth, beheld from on high, there ap- 
pears Spots, by reaſon of the Terreſtrial. places, Sea 
Coaſts, Campain and Mountainous Fields: So alla 
the like Spots are beheld in the Moon. | 

3. Since the Moon on one part is illuminated by 
the Sun, but the part turned from it is dark, and in 


a certain ſpace of time the light of the Stn pies 


about the whole Moon - in it there will be, as alto 
in the Earth, the Viciſſitude or Change of Day ond 
Night; but that of the Earth is ia 24 Hours, and 
tat of the Moon is in Days 29 K. 

4. As the Earth intercepts the Light of the Bun 
Tom the Moon, fo the Moon intercepts the light 
of the Sun from the Earth. 
5. As the Terreſtrial Night is illum'nated bv the 
Moon, ſo the Lunar Night by the Earth. 

6. At what time the Earth hath New Moon, in 
the fame rime the Moon hath Full Earth. 

7. in Squares, as on the Farth the Mcon is een 


Eb. _ by 


- A 8 > — 
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by an Half Viſage, ſo in the Moon the Earth is only 
feen by an Halt Viſage, _— e 

8. As a thin Air encompaſſes the Earth, receiving 
the Image of the Sun by Refractions; ſo the ſims 


happens in a thin Body about the Moon: But that 


we may return again to the advantage of Eclipſes; 
6. They are for the moſt part a ſingular help to the Enquiry 
of the Differences of Meridians, or the Longitude of Places : And 
therefore the obſervation of Eclipſes in divers places is Uſeful, 
eſpecially in Hydography, and Naval Affairs, and in all Geography. 
7. Laſtly, from the Echpſes of the Sun and Moon, a Reaſon 
found of Meaſuring the Diſtances of the Sun and Moon from the 
Earth, as alſo of the Magnitude and Proportion, that theſe three 
Bodies of the Sun, Moon, and Earth, have between themſelyes, 


e 
( 
Which otherwiſe may ſeem impoſſible. | 
7 


Therefore by theſe Wings the Mind of Man flies 


ap into the Heavenly Theatre; and by theſe Charms 


( as the Poer ſaith ) draws down the Sun and Moon 1 


on the Earth; with which words the excellent J 


Mæſilin concludes this Diſcourſe of Eclipſes. 
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: _ Of the De and Magnitude of the Stars. 
The PREFACE. 


1 T HE Wandring Stars on Planets, altbo they it; 

are carried about by no real Spheres or Orbit th: 

which. the Ancients bave introduced without neceſhM Ne 

ty, or ſufficient reaſon, but flying about in the pur ce 
and 
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yd. free Sky, even as Birds in the dir; not indeed 
- W wardringly, but by an appointed and ordained Moti: 
nz on Let becanſe by their Periodical Motions, they are 
ns i ſometimes more remote from the Center of the Wor, 
at t other times more near ; therefore ſo much Fithe- 
51 rial ſpace is only attributed to them, as the Variety 
iry WM of Motion, which every Planet requires; which ſpace 
\nd it wont alſo to be called by the Ancient Aſtronomers; 
ful, the Sphere or Orbit of a Planet. 5 | 
9. Therefore oftentimes indeed meftion is mae 
the M of the Proportion and Dimenſion of the Heavenly 
wee i Orbe; but by theſe we underſtand no other thing 
ve, than the Greateſt, Leaſt, and Mean Dimenſions and 
: Proportions of Diſtances, which the Plancts obtain by 
lies running through their aſfigned Spaces. | 
10S 3. And even as other Altronomers ' aſſume other 
on Hypotheſes of the Planets Motions ; fo alſo they a- 
leut Wl [cr:be different Diſtances and Magnitudes to the Stars. 

4. Whente we gather indeed, That theſe Magni+ 
_—- WW tudes and Diſtances of them are not ſo certain, nor 
yer alſo to be far from Truth; or. elſe thoſe Hy po- 
theſes repreſent not the Heavenly Motions, which for 
5 the moſt part rely on ſuch Diſtances , which Motions 
notwithſtanding exhibited by the Hypotheſes, ore 
exaftly enough with the Heavens, not only to the Eye 
of the Artificer, but are teſtified likerviſe in ſome 
meaſitre by the Vulgar People. i 
5. We in this place, notwithſtanding we habe pr. 
miſed the Opinions of the Ancients, ſhall follow the 
Rudolphin Tables, reftored by Tycho Brahe, the Phæ- 
nix of Aſtronomers, and publiſbed by John Kepler; 
Which although be place the Sum in the Center of ih- 
World, and numbers the Diſtances of the Stars from 
it; and places the Earth ( which others believe to bz 
the Center of the World ) in the place of the Sun 
Nevertheleſs if any one like it not, he may. eaſily 
change the pliee of the Sun and of the Earth again s, 
Bb 2 which. 
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which may be done without Detriment in any Caſe : 


For as the Interval of the Fourney is the ſame, whe- 


ther you ſet out from London to.York, or from York 


to London; / the Diſtance is the ſame, whether you 


number it from the Sun -to the Earth, or from the 
Earth ts the Sun. EE. | 


ys 


— 


% 
Of the Diſtance of the Stars, according to the 
Opinion of the Ancients. ih 
1. F Ancients who thought the Stars could 


not move of themſelves, without Orbs carry- 
ing them about, have feigned many Heavens, ſo that 


one teſts upon another, even as the Peels or Skins of 


Onions, the Inner one ſuſtaining the Outer ; and 
they appoint the Semidiameter of the Superior 
Sphære ſo great, as to contain a known Quantity of 


the Inferior Sphære. 


2. And they uſe inſtead of a Meaſuring Rod, the 
Semidiameter of the Terrene Globe, which <4 e 
ly is appointed of German Miles 868, or of Engliſh 
Miles ( accounting one German Mile to contain four 


Engliſh ) 3472. 


3. Therefore ſince Pro/omy hath in times paſt ſet 
down the Diſtance of the Sphzre cf the Sun, and of 
the Moon; Alphraganus, Albategnius, and others, 
have accommodated other Sphæres to this: 

And they number Semidiameters of the Earth, from the Center 


of the Earth, to the Concave Sphere of Y -- BY” 2 33 


Hence to the Concave of © —= 30 : 37 
Thence to the Concave of 6 —102 : 30 
To the Concave ofęq S—533 
To the Concave of . 6-10 
To the Concave of ———— —— M. 7656 
To the Concave of Hh -$529 
Io the Concave of the Sphzre of the = 
--, Fixed ————— 75 
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$ The Sum from the Center of the Earth to the 
Fixed Stars 20110. ö Ts 


K 4. From this Ratio there are made of Semidiame- 
e 3 3 Cc —— — 9 . 10˙ 
ä „ . 1 | 
— ME © From the Center D — — — 120 2 
N of the Earth to the Q — 1220 ; : 
Convexity of = | &—— ———8875 :; 
ES | Von — 1440S 5 
| (h orthe Fixt 20110: 


Inis laſt Diſtance being Multiplied by 3440, the 
d Engliſh Miles contained in the Semidiameter of the 
y- I Earth, produces the Altitude of the World, from the 


at Center of the Earth, to the Fixed Stars, to be 


of 69178400 Exgliſwʒ Miles. he „ 

id This Space of the World, although it be very large, 

or Wl ſcarce any one of the Aſtronomers hath leſſened it by 

of lid Reaſons : But the Rudolphine Tables increaſe 
it very much, whoſe Opinion alſo we will hear. 


— 


of the Dimenſion of the Great or Solar Orb, 
c4c84CScording to the Rudolphine T ables. 


ch Oth, the Rud/pbine Tables, according 
to the Opinion of Nicholas Copernicus at- 


ue which it performs, in the more eaſie diſpatching 
Aſtronomic Calculations, they call it the great Orb: 
alto known ; which is counted to be Eccentrick from 


vi the Diſtance of ir from the Earth. 


tributes to the Earth, and by reafon of the excellent 


By us "ris aſſigned the Orb of the Sun, from the di- 
verſe Poſition or Placing of which to the Earth, tis 


the — as well af the Motion of the Sun, as. 
A 


B b 3 2. Ant 
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2. And indeed, of ſuch parts as the Semi- "0; 195 
0 50 15 the Great "the 1 aſſumed : 000 
e ſame parts, e Eccentricity 0 | 

this Orb hath— 2550 8 7 1800 
3. Whence the greateſt Diſtance of _y_ +I 

Sun and of the Earth, is of the ſame parts- : 
The Leaſt Diſtance is — 98200 

The Mean Diſtance therefore is —100009 

4. And becauſe this diviſion of the Semidiameter 25 

of the great Orb into 100000 parts, is Arbitrary, 

and afſumed for this end only, that the proportion 

of the greateſt and leaſt Diſtance of the Sun, and of 

the Earth; and the Quantity of the Eccentricity may 

be ex preſſed : Therefore if we would know the true 

Diſtance of the Sun and of the Earth, tis requiſite 

that this Arbitrary Meaſure ſhould be reduced ( as 

we commonly fay ) to another Noted or 'Renown- I. 

ed Meafure, which is, as aforeſaid, the Semidiameter 

b the Earth, of Engl, ſb Miles 3440, or of Germat D 

BO.” 
5. Of theſe Condit then, the Author of 
lie Ryudolphine Tables aſſumes, for the greateſt Dir 


fiance of the Sun,” and of the Earth- 3469. 
From which he makes the Leaſt - —3346. 

And the Mean, or the Semidiameter 0 

the Great Orb — — £340 7% 


The Foundation nmr ER. this Calculation ariſes, you may 
1 in Copernicus his Eptcome 9 aſtronomy, Book 4: Pag. 074: and 
the following. 


"CHAP. I 
of the Dinen on of the Sphere of the Moor. 


N the- Dimenſion of the Sphare of the Moon, 
almoſt all Aftronomers agree : For of ſuch parts 
45 the Semidiamerer of the Orb of Y is 100000. | 
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Of the ſame; they aſſume the Eccentricity—4362. 
Whence the Apagæon is Diſtant— — 104262. 
And the Perigæon — 95638. 

2. Tycho and Kepler make theſe parts : 

Of the greateſt Diſtance, — 
of the Earth ————— 59. 
Of the Leaſt ————— —— — 54. 
Which make the n — — — 562. 


— 


— 


—B 


CHAP. IV. 


of the Dimenſs on of the Spheres of, 
r 0 
And of the Fixed Stars. 


F the ſame Parts as the Semidiameter of the 
great Orb is 100000. Of ſuch parts the 


Diſtances are diſcovered as BOS 


Of 5 
The 1 1 is — 1005 140. 
The Leaſt — — 95860. 
The Mean — — 951 co. 
Of *. 


Fhe Greateſt Diſtance is 545074. 

The Leaſt -— —— —— 520000. 

The Mean — 3532537. 
Of 8 

The Greateſt Diltncs iS 165465. 

The Leaſt : 1235: 

The Mean 


Or ot 
The Greateſt Diſtance is. — 72914. 
The Leaſt ——— — 71912. 


The Mean —————————72413- 


8 4. Or 
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The Greateſt Diſtance is ——— 38806, q 
Ine Lealt——————————— 36055: -- 

The Mean 3757. 


2. For in meaſuring the Intervals of theſe Planets 
from the Center of the World, inſtead. of a Mea. 
ſuring Rod, we uſe the Semidiameter of the Great ” 
Orb, the meaſure of which we have aſſigned in Se- pi 


midiameters of the Earth afore, according to the 8e 
Opinion of Fobn Kepler. th 


If you draw theſe into the vel Numbers of 9 
Diſtances, and divide the Product by 100900, it will 

wroduce the Planetary Diſtances from the Center of fr 
the World, in Semidiamelers of the Earth, which if up 
you multiply by 3440, you will haue the ſame in Eng-  — 
lifh Mites But if by 860, you will have them in 
German Miles: Which Calculation we leave to the 
carifity of A ſtronomers. - 

2. And from the aforeſaid, it appears, That the 
iz'itance of Saturn is ſomewhat leſs than Decuple on 
ot the Earth from the Sus: Of Fupiter Quintuple : 1. 
Or rs Seſquiple: Of Jenus Subſeſquitertia: Of : 


Merci about Subtriple. = giz 
4. That which pertains to the Diſtances of the MW of 
Fixed Stars; Arpler aſſumes the Semidiameter of tue 
£22 Sphzre of the Fixed Stars, to be to the Semi- wh 
diameter of the Sphare of Saturn, as this is to the En 
Semidiameter of the Body of the Sun. fin 
And he bath found by Mathematical Inflruments, to 
ha the Diameter of G is— — 30% Th 
| Whence the Sem diameter 15 —— 15 do 
The Right Sine of which is — 4363. 3093 25 
e Sine of its Complement is 999990.4807 mM 
Which divided y ——— 436 wh 
Prodiices ————— — — 229 bet 
Semidiameters of the Sun, by which the Sun is di- Ing 


ftant 
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ſtant from the Earth : Which Diſtance, ſince it is the 
Semidiameter of the great Orb; and this, as appears 
from . what's arid 7 is a little greater than a 
Tenth. part of the Semidiameter of the Sphere of h 
I follows, that the Sphere of Saturn hath in its Semi- 
diameter, almoſt Jen times more Semidiameters. of 
the Sun, that is about Two Thouſand. = 
But if the Semidiameter of the Sphære of the 
Fixed Stars, contains in it Two Thouſand alſo of the 
Semidiameters of the Sphære of h, it will make of 
the Semidiameter of the Solar Body, about 4000000. 
And of Semidiameters of the Earth about 60009000: 
For the Semidiameter of the Sun, contains Semi- 
diamerers of the Earth 15, | | 


5 


2 1 


e, AG REA OO | 
__ Of the Cauſes of theſe Diſtances. 


1 T. the World is Sphærical in its outer Sur- 
1 - face, is owned by all Philoſphers ; and they 
give. this Reaſon alſo among the reſt for the cauſe 
of it: That the World is according to the ſimili- 
rude of the ArchiteQ, that is, of God the Creator, 
who is an Infinite Being, wanting Beginning and 
End: Therefore ſince the expreſs Image of this In- 
finity is in a Sphærical Figure, in which, accord ing 


I» * 


to Nature alſo, there is neither beginning nor end-: 


Therefore that the World is Sphærical is not to be 
doubted. _ | . 5 
2. Since it is ſo, and God hath difpoſed all things 
in a ſure Proportion, as the Wiſe Man witneſſes, 
when he ſays, That be bath made all things in Num- 
ber, Weight, and Meaſure. It was diſputed by the 
Ingenious Mathematician 7% Kepler, with 1 Ap- 
Es duie 
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plauſe of his Maſter Mich. Mæſt lin 1, That the t 
er Interior Bodies of the World, vis. The Planets, 
Ie diſpoſed by their Intervals, according 72 the 

ule of the Five Regular Bodies, the Cube, the 
Tetraedron, the Dodecaedron, the Icof; aedron, and 
the Ofzedron ; which, after the Sphære, are the 
Chief, the moſt Noble, the moſt Simple of all Bo- 
dies; being Equilateral, and Equiangular, Inſcrip- 
tible, and Circumſcriptible of the Sphære, ſo that 
they touch the Inſcribed Sphære by all their Sides, 
and the Circumſeribed by all their Angles; of which, 
among an infinite multitude of Bodies, there is not, 
but only theſe five, as is Demonſtrated by Mathe- 
maticians. 


nr, rr, 


Ct. The Cube. . | = OY Saturn E 


Jupiter. 
3. . Therefore, 2. The Tetra- 
what Proportion ed ron. Mare. 
is between the] 3. The Dode- | The ſame very 3. Mars & the 
Sphære Circum. 9 caedron pnearis between Great Orb. 
fcribing and In- 4. The Tcoſa- the Orbs of 4. _ Gr. Orb 
aac edron. Venus. 
5. The 0&a- 8. & Venus & 
edron. J L Mercury. 
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2. Jupiter & 


„h Matinne the Dla gte Clqccoft 
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4. But that there may want ſomewhat in the. 
Leaſt the cauſe of it the Inventor aſſigns thus, That - 
the Orbs were not only fitted by their Diſtances to 
the Rule of the Five Regular Bodies, but alſo to. 

the Harmonick Proportions of Motion, to. which 
even as to the Idea of Heavenly Muſick, they were 

made meet: Hence it hath been neceſſary, that thoſe 
Figurative Intervals, which are exhibited by Uni- L 
form Figures, without Variation, ſome little is ta- 
ken away, and left to the Liberty of Harmonilts, q 
to "repreſent the Harmonies of Motion. 7 


D 
5. Theſe Harmonies of / Motions of the Slower. 7 


ans Swift Planets being beheld from the Cert 2 


| The Motious of the Planets Sl 
and Swifteſt, beheld even as from the 
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of the World, expreſs not Sounds, but Muſical Num- 
bers: The ſame Author 70h Kepler hath expoſed 


many things in his Books of the Harmony of the 
World ; of which, that young Aſtronomers may 


$+-< 


have fine rate, I will diſcover one Exanjple 
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4. 5. Tertia Major. 
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3 Aretha Minor. 
2 3 
15. 16. Semitonium. 
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24. 25. Die ſis. 
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Between which the Harmoniack 
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CHAP. VI. 


Of the Magnitude and Proportion of the Pla. 


nets, and Fixed Stars matually. 


E Of Vers: 


* 


Po the finding theſe Magni tudes and Propor- 


tions of the Stars, their Diſtances are re- 


quired, and the Apparent Magnitudes of their Dia- 


meters : Therefore even as theſe, by 'reaſon of di- 
verſity of Hypotheſes, are aligned divers ways by 


ſeveral Men i; ſo. alſo thx Opinions concerning their 
n % * b : g 13 


Magnitude and Proportion, are Various. 
„ OT OW or DOR = . e . 7. 


2. Ihe 
: Ts + 


* a - 1 Py 3 * "FLY wn 5 a Say | 
s f ASTRONOMY.  Book1I, 
2. The Opinion of Alphragan, and other An- 


cients. HIS DE : 
„ | = a” i i | Ty A e F 
It contains in its Diameter, Diameters of the 0 


Earth 4 + : And the Proportion of Diameters is as 
9 to 2, which being. maltiplied Cubically, produces 
the Proportion of the Bodies of h and. the Earth; 
to be as 729 to 8 : The greater Number being di- 
vided by the leſſer, makes 91-4, the whole that 
is greater than the Terrene Globe, and ſo many times 
_ Body of Saturn contains in it {elf the Terreſtrial of 
body. | 8 


2. : 

Contains Diameters of the Earth—— — 44. 

Hence the Proportion of them, is as—32 to 7. 
9 e e e 8 th 
But the Proportion of their Bo- 2. Y 
— , 
And Y is greater than the Terrene Globe 91 444. 5 
| . * N 

. 3 . — Et! 

Hath in its Diameter, Diameters of the Earth 1 4. 
And the Proportion of them is, as — 7 to 6. 15 
But of their Bodies, as. —.—. 343 to 216. 10 
Whence & is greater than the Earth — 1 443. W 
V tin 

Contains Diameters of the Earth. 
The Proportion of theſe is, as. — 11 to 2. | 
But of their Bodies, the Proportion is, as 1331 to g. "at 
Therefore the Sun is greater than the Earth 1564. ef 


Lo 


$ * 
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Co 


4. * 1 : þ 
YL \ * 2 © * 
* „* 


Venus, Mercury, and the Moon, are leſs than the 


Earth: Thereforè the Diameter of the Earth con- 


tains, . TT 9 8 
Diameters of Venus. 3 —3 . 


The Proportion of which is, as. 10 to 3. 
But of their Bodies, as — looo to 27. 
Therefore the Earth is greater than Venus 37 17. 


| | Nis. 
The Proportion of the Diameters, of Mercury and 
of the Earth is aſſigned by ſome to be, as 28 to 1. 


So the Proportion of their Bodies 821952 to 1. 


will be, aS———— * 
f | | | | 7. d) . 
The Diameter of the Earth, contains Diameters of 
the Moon — — * 
The Propotion of which is, as 7 to 2. 
But of their Bodies, as — 343 to 8. 


Therefore the Earth contains the Moon 42 4 times. 
And the Moon is equal to One three and forti- 
eth part of the Earth, leſs by + part. 


© and D. 
The Proportion of their Diameters is as 187 to 


10; therefore of their Bodies, as 6539203 to Io: 


Whence the Sun is greater than the Moon 6529 
times. _— 


H. Of the Fixed Stars. 


2. The True Magnitudes of the Fixed Stars te 
eannot know accurately ;, becauſe alſo the Diſtances 
ef theſe is not ſo certain, and the obſervation of the 


eppearance of Diameters unconſtant : Since becauſe? 


_ every 


— ——— 3 — 6 
. enn * 8 1 


j#: of AT RONOME- Bookit, 
every ones Eye is ſingular, and the Eſtimation is moſt 
different in ſo ſmall a Quantity: And alſo becauſe 
by Oprick Tubes they appear leſſer by it, by how mich 
w is better and greater. Sr 
4. But from the Opinion of Alphragan, and other 
Ancients, aud from the Diſtance 7 the Stars 20110. 


Stars of the Firſt Magnitude. 


Contain Diameters of the Eart — 24 
Therefore the Proportion of Diameters, te. 
18, Sn ————— —— 879194 

And of Bodies, as ——————— 6859 to 64. 
> Therefore they are greater than the 


— — mg > 
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Earth, titties, ——— oo rr nn 
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Stars of the Second Magnitude. 


Contain Diameters of the Earth 
The Proportion of Diameters is, as — 260 to 60. 
Of Bodies, as - —— 19465109 to 216000. 
The Exceſs of them above the Earth 90 442. 


Stars of the Third Magnitude. 


Have Diameters of the Earth ——— 4 + 
The Proportion of them, as — —— 25 to 6. 
The Proportion of Bodies, as — 15625 to 216, 
The Exceſs above the Earth —————72 57+ 


— 4 7 


. 


o „ hy yo Ju e. 


Stars of the Fourth Magnitude. : 
Contain Diameters of the Earth —3 oe 1 
The Proportion of them is, as 19 to 5. / 
The Proportion of Bodies, as — 6859 to 125. t] 
They exceed the Earth-—oo—mm—_—_—_—4 


Ss 10 


ball. ch. Vi. of Theoretical boni. 33 


FCtart of the Fiſth Magnitude 
- Tnclude Diametess of the Farth — —= 3 4, 
And the Proportion of them is, as — 119 to 36. 
The Proportion of Bodies, as 1685 159 to 46656. 

The Exceſs of them above the Earth — 36 2447. 


Stare of the Sixth Magnitude. 


Have Diameters of the Earth 25. 
The Proportion of which is, a5———— 21 to 8. 
The Proportion of Bodies, as —— 9261 to 512. 
The Exceſs above the Earth . 18 4. 


And this is the Opinion of the Ancients concen- 
ing the Mutual Proportion of the Stars. . 
5. To John Kepler it ſeems agreeable to Nature, 
and to Aftronomick Obſervations, that there ſhould 
be the ſame order of Magnitude between the Pla- 
nete, which is alſo of Spheres : So that among the 
Planets, the greateſt is the Globe of Saturn; Jupiter 
follows this; Mars follows Jupiter: Not the Sun 
after Mars, but according to the — of Coper- 
nicus, the Earth: And leſs than t 
Mercury /eaft of all, becauſe 2 | 
6. And he thinks that the Bodies of the Planets 
have Proportion of Intervals ; ſo that by how much 
higher or lower any one is from the Earth, ſo it is 
allo greater or leſſer. 5 
7. In this Ratio, or Proportion, Saturn in great- 
zeſs of Body, will be ſomewhat leſs than Ten Times 
greater than the Earth : Jupiter more than Five 
Times : But Mars Seſquiplus or 14 And Venus 
ſomewhat leſſer than ? Mercury ſomewhat greater 
than a Third part of the ſame, and +. {ng 
8. And the Proportion between the Semidiame- 
ter of the Earth, and the Interval or Space " the 
| aſt:: 


is is Venus, and 
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Earth from the Sun: And likewiſe the Equality be- 
tween the Bodies of the Earth and Sun he aſſumes; 
{ſo that how many times the Semidiameter of the 
Earth' is contained in the Interval of the Centers of . 
the Sun and the Earth, ſo many times alſo the Body I rhe 
of the Earth is contained in the Body of the Sun. 114 
9. Therefore ſince the greateſt Interval or Di. nitu 
ſtauce of the Sun from the Earth, as aforeſaid, is fer 
made of Semidiameters of the Earth 3469, with a mol 
Third part : Therefore { many Times alſo the Body all 
vf the Sin exceeds the Body of the Earth : From the time 
Cube Root of which number it appears, that the Se- KF 
midiameter of the Sun contains in it ſelſ, the Semi- from 
diameter of the Earth, a little more than 15 Times: ſuch 
But the Semidiameter of the Earth is of Engliſh Miles Exd 


51600, and the whole Diameter of the Sun 103 200 Scor 
Miles, which appears to us but about the bigneſs It 
of 1 Foot, which may be divided into 12 Digits. Star: 
-*Io. And as the Proportion of the Bodies of the othe: 
Sun, and of the Earth, is to the Proportion of the In: I Sctti 


tetval of the Sun and the Earth; ſo, according to the from 
fame Author, is the Proportion of the Interval of the Il the 
Moon, and the Earth, to the Proportion of the Bodies cont1 
AA 5 — 


1. Ard fince that Interval is of Semidiameters of hath, 


the Earth very near 59; ſo the Jame number of tines Wſnevel 
Wo the great Body of the Earth contains in it ſelf ſerts 
the leſs and ſmall Body of the Moon. time: 
12. From whence alſo it follows, that the Terre- Fifth 
ſtrial Semidiameter contains the Lunar Semidiametet Bi 
fomewhar leſs than 4 Times; whence the Diameter cauſe 
of the Moon is 1720 Engliſh Miles from 


13. And the Proportion of the Diameter of the Solur IJ the ( 


Bod, to the Diameter of the Body of the Moon, is made in | Stars 
The ſame manner as is the Proportion of the Body of the nule 
Earth to the Body of the Moon, to wit,as 59 t 1: And ſo 8 
the Body of the San contains of Bodies f the Moon * 
5 | More 


| more than 200000, which is produced, if you ſay, The 
Body of the Earth x, containt Lundr Bodies 59 + How 
any times doth the Body of the Sun, that contains 
the Earths 3469 times? Anſw. 204671. 
14. As to the Fixed Stars, in aſſigning tlie mag: 
ritude of them alſo, the Modern 4/tronomers dit- 
| fer much; yer fo, ttiat thoſe alſo whicti compte 
moſt ſparingly, are forced to confeſs, that well near 
| all of them exceed the Body of the Earth many 
—_ _ 0 | 
| For that is moſt evident, by this Popular Argument, 
from the Stars being taken Diametrically Oppoſite, 


nm near the Eye of Taurus, and the Heart of 
— ES Bs 3 | ö 5 
If cherefore the Earth ſhould be greater than theſe 
Stars, it would be impoſſible, that one Arifing, the 
other ſhould Set, and their Changing by tuins, thoſe 
Setting, theſe again Ariſing : For the Eye elevated 
from the Magnitude of the Earth, muſt needs leave 
the other beneath the Horizon, which is yet wholly 
contradicted by Experience: Hence Tycho Brahe; 
who to ſatisfie the ſiniſter Opinion of the Vulgaf, 
hath, as much as he could, contracted the Stars; 
I neverthieleſs the Stars of the Firſt Magnitude he af 
ſerts to exceed the Earth 68 times, the Second 18 
times, the Third 11 times, the Fourth 33 times, the 
Fifth 1 7 tires, the Sixth is + of the Earth. 

But others increaſe them to a huge greatneſs, be- 
cauſe they prove that they are a very great diſtance 
from the Perth: for as much as the Semidiumeter of 
the Orb is Injenſible to the Altitude of the Fixed 
Stars, und indeed is underſiood not to make one Nis 
nute in the Sphere of the Fixed Mare. 


do much of the Diſtance and Magnitude of the 
Stars | | 
© & The 
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ſuch are given in Heaven in ſome place or other, for 


* 


Earth from the Sun : And likewiſe the Equality be: 4 
tween the Bodies, of the Earth and Sun he aſſumes; v, 
{> that how many times the Semidiameter of the 30 
Earth is contained in the Interval of the Centers of . 
the Sun and the Earth, ſo many times alſo th ' Body the 
V the Earth is contained in the Body of the Sun. [ 
9. Therefore fince the greateſt Interval or Di. rity 
ftance of the Sun from the Earth, as aforeſaid, is fer 
made of Semidiameters of the Earth 3469, with « mot 
Third part : Therefore ſo many Times alſo the Body all. 
of The Fun exceeds the Body of the Earth. Hon the tim 
Cube Root of which number it appears, that the Se- F 
midiameter of the Sun contains in it ſelf, the Semi- Von 
diameter of the Earth, a little more than 15 Times: Iich 
But the Semidiameter of the Earth is of Engliſh. Miles Exa 
51600, and the whole Diameter of the Sun 103209 Scor 
| Males,. which appears to us but about the bigneſs If 
FI Foot, which muy be divided into 12 Digits. Star 
10. And as the Proportion of the Bodies of the othe 
Jun, and of the Earth, is to the Proportion of the In- ¶ Sett 
Yetval of the Sun and the Earth; fo, according to the from 
fame Author, is the Proportion of the Interval of the the © 
M. 
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— — 


— r — — 1) 
* 5 „ "SE 


A * * 5 « A 
Db — 2 r 5 
* . . 2 —— — * — —— © 
— ———rkͤ jh ——Ü——b ore LE I — - —ů— — ——u—päẽ — ä ũäꝗ2ä— ſ*õꝛ — 
7 — þ 
- 
. 


— ——__ ' = 


., — — rem — —̈—— rr rr 
2 — = — . — 22 — rap 3 oy - 
REC Sa: = - i VP 
. G — — a * n ” oo 
— — - — — 2 o — 


725 the great Body of the Earth contains in it ſelf Ws 


18 
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more than 200000, which is produced, if you ſay, The 
Body of the Earth 1, contains Lundy Bodies 55 * How 
many times doth the Body of the Sun, that contains 
the Earths 3469 times? Anſw. 204671. 

14. As to the Fixed Stars, in aſſigning tlie inas- 
ritude of them: alſo, the Modern Aſtrozomers dif- 
fer much; yer ſo, that tliofe alſo whicti compute 
moſt ſparingly, are forced to confeſs, rhar well neat 
all of them exceed the Body of the Earth many 
W771 EE. = 
For that is moſt evident, by this Popular Argument, 
| from the Stars being taken Diametrically Oppoſite, 
ſuch are given in Heaven in ſome place or other, for 
Saure near the Eye of Taurus, and the Heart of 

(0196) E 8 WW 5 : 3 

If cherefore the Earth ſhould be greater than theſe 
Stars, it would be impoſſible, that one Arifing, the 
other ſhould Set, and their Changing by turns, tlioſe 
Setting, theſe again Ariſing : For the Eye elevated 
from the Magnitude of the Earth, muſt needs leave 
the other beneath the Horizon, which is yet whoily 
contradicted by Experience: Hence Tycho Brahe; 
who to ſatisfie the ſiniſter Opinion of the Vutgat, 
hath, as much as he could, contracted tlie Stars ; 
nevertlieleſs the Stars of the Firſt Magnitude he af 

ſerts to exceed the Earth 68 times, the Second 18 
times, the Third 11 times, the Fourth 3 times, tlie 

Fifth 1 £5 times, the Sixth is + of the Earth. 

But others inicreaſe. them to a huge greatneſs, be- 
cauſe they prove that they are a very great diſtance 
from the Earth; for as much as the Semidiameter of 

the Orb is Inſenſible to the Altitude of the Fixed 
Stars, and indeed is underſiood not to make one Mis 
me in the Sphere of the Fixed Mare. 


So mut of the Diſtance and Magnitude of the 
Stars. 1 | 2 
Oe The 
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yea great Men among Aſtronomers by name : But 
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The CONCLUSION. 


EA 

5 — of an Epilogue I ſhall annex what Afro. ÞÞ 
nomers ure wont to anſwer to two ſorts of Men, 7 
which judge awkwardly concerning ſuch Immenſe ; 
Diſtances and Magnitudes of the Superior Bodies 8 
produced by Aftronomers : One of which, is of them 5 
which in another manner are reſpecters of Aſtronony, « 


they think the neatneſs of the moſt perfect Mundane fi 
IWork to be overthrown, if they attribute ſo Immenſe Mi 
a greatneſs to 'the Sphere we tbe, Fixed, and tothe il © 
Stars themſelves, and ſo contemptible a ſmallneſs ſo 51 
the Inferior Bodies. =_ is Pl 

To theſe may be objected the incredible ſwiftneſs 
of the Fixed Stars, which they are forced to confeſs, . 
who believe thoſe in the Orb to be moved, and to ter 
finiſh their Courſe in 24 Hours: For if we aſſume © ;, 
the Semidiameter of the Sphare of the Fixed Stars 1 
not greater, than according to. A/phraganus to be of | 
Semidiameters of the Earth 20110, ( which nieyer- 
theleſs among moſt Aſtronomers is acknowledged to MW fe 
be greater, and that the Diameter of the Fixed Stars WW M. 
is 40220 Semidiameters of the Earth) there ariſes M .; 
ſo great ſwiftneſs of this Sphære, that each Star 4- 
bout the Equator, in the ſpace of an Hour paſſes over 
18118152 Engliſh Miles; or 45 29538 German Miles. be 


For the Diameter of the Fixed Stars is of German Miles 49220. f., 


Which requires a Circumference of the ſame Miles of 1254055. Jl 
Which drawn into the Semidameter of the Terrene Globe 866 the 
G-rman Miles. 1 307 
Produces of the ſame Mile. 10708914 ins 
This divided by Hours . 44. 1s 


Exhibits the Motion of one Hour, to be Mile 4529538. an” 
This divided by. — — 4 
You will have the Motion of one Minute, of Miles — 75492 4 


If you divide the ſame bl —— 4000. p. 
You will have the Motion of 1 Pulſe of the Artery, Miles 1137. : 
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If any one abhor not this incomprehenſible ſivift- 
neſs, why I pray ſhould hz be dilmayed at that great 
Diſtance and Magnitude. which ſome attribute to the 
Fixed Stars? They ſay that Nature admits not this 
Immenſe Proportiom: Therefore he may ſay which 
objects this; can Nature admit of ſuch Celerity or 
Swiftneſs, the like Example of which is not found 
in the World? On the contrary, it may be anſwer- 
ed, we have in the World, and here on Earth, an Ex- 
ample of that Unmeaſurable, ot rather no Propor- 
tion: For what Proportion TI pray is there between 
that ſmall- Animal that makes paſſages under the 
Skin of the Hand, or a Mite in Cheeſe, and an Ele- 
phant, or that Serpent of P/zzy's, 120 Feet long; 
which nevertheleſs greater have been ſeen in our 
Ape? Likewiſe what Proportion is there between a 
Man, and I will not ſay the Earth, but the Diame- 
ter only, or the Semidiameter of the Earth”: This 
contains of Exgliſp Miles. — 344c 


Of Faces, each containing five Feet—3632645. 
Of Fee... 181632 
Divide theſe by 6, for ſo much a- 5 
moſt is the Height or Stature of 8 3027200 
Man, and it produces -- 0 
That is, it will require ſo many Men to be joined 
together, or fet; one upon another, to reach from 
the Center of the Earth to the Surface thereof I: 
this Proportion between that ſaid little Animal and 
the Elephant: Between the Stature of a Man, and 
the Semidlameter of the Earth, which is as 1 to 
3027 200, is not abfurd, Which things, notwithſtand- 
ing, are only of the Terrene Globe: Why theretore 
'hould che Proportion ſeem ſo abſurd bervecen the 
Diameter of the Sun and of the Fixed Stars, Uke h 


* 
— 
? 


iS 28 1, 70 400, Or ES I5 to 60090000 


e. 


ter id te the Sewigiameter of the Sun, we attribute Se. 2 f, 
tidiameters of the Ekart — — 
Cas Tae 
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The Sphzre of h requires Semidiameters of the Earth 30000. 
And the Sphzre of the Fixed Stars—— -—— 60000009, 
But if we make the Semidiameter of the Sun — —, 
The Semidiameter of the Sphzre of Hh will be 2000, 
And of the Fixed Stars — —— 2 0oũ0oooo. 


That is from that . es which we have aſſu- 
med before in Chap. 4. which although the Altitude 
alſo be Stupendious, yet a leſs can ſcarcely be given, 
if we admit the Parallax of the Annual Orb. 

The other fort of Men, from theſe Proportions, 
judge it Injurious to the Common People, who by 
reaſon of theſe Diſagreeings and Differences, eſteen 
the Opinions of the Learned to be fooliſh and vain, 
and deride them: "Tis Lawful to ask of theſe, why kr 


they do not alſo renounce or deny the meaſures of NM 
Liquids, of Dry things, of Fields, of Diſtances, of G0 
Journeys ; for here alſo is great Differences or Dif: = 

or 


agreements ; neither can any one ſo accurately mea- 
ſure any thing at any time, that it ſhall not want G 
or exceed at another time by many Drops, Grains, 1 
Digits, Feet or Paces ; which Defects or Exceſſes 
to beware of, and to keep an equality in meaſuring 
things of all ſorts, is altogether impoſſible : But ſay WW © 
they, theſe Exceſſes or Defects are ſinall, but yours I <1 
very great? Anſw. I deny them to be greater; for e 
compare the whole World, in what manner ſoever he 
the Magnitude of it is ſurely found out, with the I }? 
Terrene Globe; and you will find fo much inequa- Me 
liry, that all the comparing and diſagreement of 
Proportion, is not fo much as is an Hundred, or 4 
Thouſand Drops compared with a Cart Load of 
Wine; concerning the Defect of which, if any one T, 
ſhould contend before a Judge, and would accuſe 
the Seller of Fraud, he would be accounted tor an 
Impudent Man, or a Fool in Law : Laſtly, there are 
{ome who are led by Religion, or rather Superſtition, 


who call them Idle and Proud Men, who ſeek to po 
ure 
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ure the Stars, and find out their Diſtances and Mag- 


nitudes. : And with P/iny exclaim againſt them, Sa- 
ing, "tis 2 madneſs to trouble any ones mind to go a- 


| bout ſuch an hardy Enterprize as the meaſuring of 


the World: But the madneſs is in them, who have 
the World for their God, which Pliny made it; 
whoſe Profundity is only Scrutinized by the Spirit 


of God: But he that with Chriſtians believes that 


the World is the Work of God, and as it were a 


| Living Statue of him, by which he would ſhew to 
us his Wiſdom, Goodneſs, and Power; he will not 


diſallow theſe and ſuch like Studies and Endeavors ; 


{ unleſs he would eſteem a Man that endeavors to 


know the Erection of God, beneath a Brute: Some 
Men creep on the Ground, but a Generous and 
Godly Mind alſo deſires to mount up to the Hea- 
vens, and there alſo, as P/ato faith, not to creep a- 


| long, but to admire the Wiſdom and Goodneſs of 
| God : For neither any one of the Aflronomers ad- 


vances to it through Raſhneſs, that what Diſtances, 
Magnitudes and Proportions he finds af the Stars, 
he ihould glory that he hath them in the Minutes 


or Scruples of themſelves ( altho* {omerimes for ne: 


ceſſity in Calculation he works to the ſmalleſt of 


them) but accepts all things in a larger manner, that 


he may underſtand the Works of God the Better, 
which hath made all things in Number, Weight, and 
Meaſure, whoſe Name be Bleſſed and Praited for 
evermore. = 


The End of Book II. Of Theoretical Doctrine. 
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The PREFACE. 


HE Stars, beſides many other uſes, 
are alſo def gned by God for this, 
that from thence we the Dwellers on Earth 
Louie ſeek the Diſtinction and Numbring 
of: Times, = 4 Days, of Months, and of 
* 6 
7 hence the A (fironomical Science 
1g 1 not to be excluded from this Chrono- 
logical, or Doctrine of Times; which others 
intermix with & pherical 8 Theoretical 
Doctrine, but we are pleaſed to deliver it 


fe char ately, and to divide it into Three 
Par . 


3. Of theſe it Ace, 

3 0 Nüdnam Time. 

II. Of Political Time. 
{ III. Of Eccleſi raftical Time. a 
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MY 


BOOK III. 


The Firſt Part. 
Of Aſtronomical Time. 


„ SH 
Of the Definition and Diviſion of Chronology. 


1. F\Hronology is a Doctrine delivering the Reafon 


of diſtinguiſhing and compuring of Time. 
2. And it is either Aftronomrcal or Hiſtorical. 


3. Aſtronomical, is that which conſiders time as 
the meaſure of Duration, fought from the Heavenly 


Motions , and Explains the Variety of it, 


4. Hiſtorical, which accommodates this meaſure 


to things done in the World. 


Concerning this we ſball add a ſew things towards: 
the end: Ihe Aftronomical e ſhall now briefly pure 


fre. 


— 


C HAP. IE 
Of the Diverſity of Times. 


LJ IME then in this Place is the meaſure of Dus. 
K ration of. any thing, taken jroiu the Heaventy. 


Motions. 


T0 


( For the word Time is Ambiguous.: Sometimes it ſignifies the 


ration of Things abſolutely conſidered; ſometimes a Duration 


letermined by a certain Meaſure : Laſtly, ſometimes the Measure: 
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it felf of Duration, when tis ſoyght from any other Durations, 
but then eſpecially when from Heavenly Motions. ) 
2. And this Time is either Aſtronomical, or Po. 
. EP f-7 

3, Aſtronomical, is that which is conſtituted as ac. 
curately as may be to the Rule of Cæleſtial Motion. 

4. And *tis either True, which is computed to 
true Motions ; or Mean, which is computed to mean 
or middle Motions. | EE - 

That is Unequal; but this Equal, and chiefly re. 
garded; for the Meaſure is equal to it ſelf, and a: 
grees confluntly. | 
J. Both kinds, are Days, Months, and Tears. 


| 


_— 
1. 


CHAP. III. 
Of Days, and the Kjnas and Parts of Days. 


1. HE leaſt Interval of Time Inflituted by God 
himſelf in the Firſt Creation of things, is 2 
Fn | ; 


2. Which rs wont to bg diſtinguiſhed into Natura! 
and Artificial. | | 
( Concerning both, ſo far as it agrees moſt cloſe]y with the Ma- 
tion of the Sun; and ſome foreknowledge of them, is neceſſary 
ro the right underſtanding the Cceleſtial Motions, although we 
haye touched upon ſome things before in Book I. Of Aſtronomy, 
Chap. 8. But we have reſerved the further Delivery concerning 
Natural and Artificial Days to this Third Book. 

and although tis leſs fit for diſtinction to divide the Day into 
Natural and Artificial, for Art hath Inſtituted neither, but both 
by Nature it ſelf; yea rather are they Inſtituted by God the Au- 
thor of Nature; yet becauſe tis entertained by the Ancients, we 
al ſo retain it, which ſince tis agreed of concerhing Things, we 
ought to be eaſie in Words. A 

3: A Natural Day, is the Space of Time, contin: 


ing either by 4 continued or interrupted Revolution 
Together of Solar Light, and of ſucceeding Darkneſs. 
_:= 5 Or ſpeaking Aftronomically. 

"Tis the Space of Time in which the whole Equator 


E SHEN. 
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Circle, together with the Additament anſwering to the 


proper Motion of the Sun, is turned back again, or 
agkes its Revolution. wo 

1. The maker of the Day, yea the Day it {elf is 
Light, or the Sun: For the Light God himſelf hath 
called the Day, not plainly in what manner *tis 
Light, but in what manner *tis preſent, and enligh- 
tens by action; the abſence of which involves all 
things in Darkneſs, by a perpetual Change, the Pe- 
riod of which is Evening and Morning as the Scrip- 
ture ſays, or Light and Darkneſs, alſo God gave it 
the name of Day, which is this our Natural Day: 
The Law and Rule of which, fince it is the Equator, 
or the Equinoctial Circle, therefore alſo from the 
Revolution of this, a Day may be defined. 

2. And becauſe the Sun the Fountain of Light, 
beſides its daily Revolution, proceeds alſo by its pro- 
per Motion under the Ecliptick ſlowly, there is ad- 
ded daily to diſpatch the Natural Day, ſuch a Por- 
tion of one Revolution of the Equator, as the Sun re- 
quires in its Progreſſion under the Ecliptick. 

3. And theſe Portions are called Additaments, or 
Overpluss to be added to the Equator, and are no 
other than the Aſcenſions of the Sun's Diurnal Mo- 
tion, or Portions of the Equator, competent to the 
Diurnal Motion of the Sun. | 

4. And fince this Diural Motion of the Sun is un- 
equal, theſe Additaments are alſo made unequal, 
which inequality alſo redounds in the Natural Days. 

5. Laſtly, becauſe we ought neceſſarily to aſſume 
ſome mean or equal, between unequal, as the mea- 
lure of inequality ; Hence therefore, 

4. Natural Days are twofold, 

I. True and Unequal, which are el/o called Appa- 
rent, to which befides the whole Revalution of the E- 


quator, true Additaments and Apparent in the Hea- 


ven, but unequal, are is be added. 
1 2. Mean 


ä 


8 


vm _ — 0 
FOOT. 
AA Ar; 


22 


P 


N. „een 


n 


9 * 
Tz . 


2 e —— 4 7 * 
8 " ". _—_ » 2 2 n 
* + + « 7 
n 


> W448 2 
1. RS V 


4 — a 2 * 22 
1 = l : 
, N 


194 OO ASTRONAQMY. Book II. 
2. Mean or Equal, to which are added mean and 
equal Additaments, more than the whole Revolution 
of the Equator, being aſſumed by Aſtronomers for the 
Swat? of zeachoupe tt i 00 25 el 

1. Thoſe True Days are in daily uſe: and indeed 
are commonly thought equal, becauſe' each one is 
divided into 24. equal Hours according to Sence, and 
the Hour 12 in Sun-Dials always agrees to the Me- 
ridian line or ſhadow ; nevertheleſs the cauſe of 
which agreement is govern'd not by the Equality of 
the Day, but by the Diligence of a Pendulum Clock, 


ing, and directs it ro the arrival of the Sun to the 
Meridian Line : Which, it truly a Clock or Watch 
be made, which for ſome certain Days wants not 
Human DireQion, at laſt the difference between the 
Meridian and the Hour of 12 will be diſcovered, 
and therefore the inequality of the true Natural 
Days, and of the Apparent in Heaven. 

2. And the Mean or Equal, are uſed by Aſtrono- 
mers, which they frame to the Tables of the Cale- 
{tial Motions, and they invent the ſame to this end, 
that they may meaſure that Inequality by theſe E- 
quals : Whence alſo the ſwift Motions taken out from 
the Tables, agree not with the Heaven, before Re- 
duction be made of equal time to unequal, or the 
contrary. | 
3. And altho' the inequality of Pairs of Days next 
to one another be not obſervable; al ſo one only of the 
ſhorteſt being compared to one of the longeſt, hath not 
very much difference, yet ſome many Days in order 
in ſome one part of the Year, being joined to one 
another, being compared with the {ame number of 
Days in another part of the Year, a difference evi- 
dent enough appears to ariſe beyond thoſe, and 
makes them Shorter and Longe. 1 8 

4. And the Additaments which Arona or 
18 | | | itute 


and its Hour of 12, daily prolonging or withdraw- 
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ſtitute between the greateſt and leaſt, being Mean a 

ual, are ſo much, as the Sun's mean Diurnal Moti- 
on is, to wit, 59 1 8“: 200, from thence an equal 
Natural Day conſiſts of. 360: 59%: 8“: 20“ of the 
Equator, for which nevertheleſs, for the moſt part 
we aſſume only 36606. 8 
5. Indeed the beginning of a Natural Day ought 
every where to be taken, from the Horizon of the pla- 
ces, even as from the time of Light and of Darkneſs ;, 


but in an Oblique Sphere it pleaſes Aſtronomers, pA 


cutting off in the midſt, as it were, the Viciſſitude 
fs, beginning it from the Me- 
_ Circle, as moſt conſtant, or from Noon or Mid- 
night. 5 5 — 5 
| 85 In a Right Sphzte the Ratio or Reaſon, is the 
ſame of the Horizon and of the Meridian: And the 
Horizon of one place is the Meridian of another, and 


the Meridian thè Horizon: From this cauſe, the Ra- 


tio is all one, whether we begin from the Meridian, 
or from the Horizon, for the Natural Day. © 
2. But in an Oblique Sphære the Ratio is unlike, 
for the Horizon is ſo varied according to the varie- 
ty of the Oblique Sphere, that tis not only diffe- 
rent, but alſo it acquires another Obliquity at the 
Equator. 7 7s POT 
3. Moreover the Sun in ſome places of the Earth, 
many Days, neither Riſes above the Horizon, nor 
as among thoſe who inhabit 


* 
8 2 


Deſcends beneath it; 
under the Poles in a Parallel Sphære. 

Therefore we cannot take in it always one begin- 
ning of the Natural Day, but inſtead of it we muſt 
chooſe a Meridian, which indeed is alſo various, ac- 


right Horizon of places every where. 

Nor yet alſo is the Horizon in an Oblique Sphære altogether ſo 
to be rejected, that when neceſſity requires to begin the Natural 
Pay in it, that it cannot be done in no manner: For, Ty 
„ MP TE os” 3%, a6 i Y 6 be 


bonn to the variety of places, but is in it ſelf a 
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6. he none. of a Natural Day are the Artiſcia: 
Night and Day. . 
The beginning and end of theſe muſt neceſſarily 
be taken from the Horizon. 5 | 
7. For the Night is the He of time, in which the 
Sun lies hid beneath our Horizon. | 

8. But the Artificial Day is the ſpace of time, in 
which the Sun tarries above our Horizon. © 

The reaſon of this Ny DR {ome aſſign to be 
this, that theſe Artificial Days are accommodated to 
Exerciſe. 

9. Moreover as the Natural, ſo alſo the Artificial 
ne s and Nights are very unequal in an Oblique 

Ert. . 55 
X 7 The inequality of Natural Days, as well in a Right 
as an Oblique Sphzre, proceeds from the Inequality 
of the Sun's Motion, and the Obliquity of the Eclip 
tick: But theſe in an Oblique Sphære depends on the 
greater or leſſer Obliquity of the Horizon and the 
Equator; concerning which Note what follows. 


I. In 2 Right Sphere there is a perpetual Equi- 
nox. See Fig. 178. | | 

That is, the Days to the Days, and Nights to the 
Nights, and all the Days are equal to the Nights, 


II. In an Oblique ry there are only two Equi- 
roxes. to wit, in which the Days next to the Nights, 
end the contrary, are equal. | 


This comes to paſs from the Sun's being in o v, 
and O , to wit, in the Spring time about the Tenth 
or Eleventh of March, and in the Autumn about the 
Thirteenth or Fourteenth of September. 


III. In the North part of our Oblique Sphere, the 
Days increaſe from the Vernal or Spring Equinox, and 
are made longer than their adjoining Nights, æveg 
io the Summer Solſtice, = -.-- 


\ 


part I. Ch. Il. Of Chronological Doctrine. 397 
See Fig. 179. That is, In which © enters into , 
about the Eleventh or Twelfth of Zune, and makes 
the longeſt Day and the ſhorteſt Night. : 
IV. From the Summer Solſtice the Days decreaſe 
again in @ Retrograde Order, and the Nights increaſe, 


| yet ſo that they are ſhorter than the Days, even to the 


Autumnal Equinox. : 

V. From this Autumnal Equinox, the Nights in- 
creaſe, and become longer than the Days, even to the 
Winter Solftice. 85 5 

That is, in which the Sun entring o about the 
Eleventh or Twelfth of December, makes the longeſt 
Night, and the ſhorteſt Day. Wy 

VI. From the Winter Solſtice the Nights decreaſe 
again in a Retrograde Order, and the Days increaſe, 
yet ſo, that they are ſhorter than the Nights even to 
the returning of the Vernal Equinox. | 

VII. Then from. the Sun's being in places of the 
Ecliptick, equally remote from the ſame Solſtitial 
Point, the Days are equal to the Days, and the Nights 
to the Nighiß. „ 

VIII. And from the Sun's being in places of the 
Echptick, equally remote from the ſame Equinottial 
Point, or alſo in oppoſite places, the Day of the one 
Is _ to the Night of the other. 1 

And by how much greater the Obliquity of the 
Sphære is, or the Elevation of the Pole, by ſo much 
the greater alſo are the increaſe of the longeſt and 
ſhorteſt Day and Night; yea, and of all the reſt, 
as well increaſing as renl „obſerving a due Pro- 
portion: See Fig. 180. . | 

IX: In the South part of our Oblique Sphere, all 
theſe things are in the ſame Proportion between them- 
ſelves, but in a comrary manner, and in oppoſite 
2 ns 3 | | 

| For 


398 . OF ASTRONOMN' Bock li 
For they have the longeſt Day and the ſhorteſt 
Night, the Sun being in O W; on the contrary, the 
longeſt Night and the ſhorteſt Day, the Sun being 
in the beginning of : Hence, when with us the 
Days increaſe, by the Sun's aſcending from 6 w- to 
us, there they decreaſe, by the Sun's departure : And 
when with us they decreaſe, by the Sun's departing 
from us, from o S: There they increaſe by the Sun 
approaching to, them. r 
JJ f ET ft. 
1. The Seftion in divers manners of the Horizon, 
and of the Circles of the Sun, or of the Parallels of 
Sr. HE... .:-:- 
For in a Right Sphere, the Equator, and all its 
Parallels are cut by the Horizon into two equal parts, 
and as always the Semicircle of the Ecliptick Ariſes 
with the Sun in the Eaſt, and Sets in the Welt ; ſo al- 
ſo the Semicircle of the Equator, as well as the Pa- 
rallels of it, aſcend and deſcend with the ſame. - 
Therefore ſince the Sun abiding above the Horizon, 
it makes the Day, and being beneath the ſame it 
makes the Night, tis manifeſt from hence. that the 
Days and Nights in a Right Sphære, are equal, as 
But in an Oblique Sphzre it happens contrary: 
For from the Pole, being elevated above the Horizon, 
the Ecliptic and the Equator are never cut into two 
equal parts, unleſs when the Sun is in the Sections 
of the Equator and of the Ecliptic, and therefore be- 
ing converſant in the Equinoctial points o Y and =; 
it cuts both the Ecliptick and the Equator into two 
equal parts, and with the Semicircle of the Ecliptic, 
the Szmicircle alſo of the Equator aſcends and de- 


Trends : If the Sun be converſant in all the other pla- 


ces of the Ecliptick, the Parallels of the Sun are un- 
equally cut by the Horizon; fo that the Sun running 


thro? the Northern Signs, with us the greater part of 


every 


. r ..£va DP um 
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every Parallel is above the Horizon, and the leſſer be- 
neath; the contrary of which happens if the Sun be 
aſſing thro Southern Signs: From which the inequa- 
he of Nights and Days, in an Oblique Sphere, ap- 
pears plainly. Fig. 179. SIP 
2. Another Cauſe is, the inequality of Aſcenſſons 
and De ſcenſions. I 
For altho' half of the Ecliptick Riſes and Sets 
every Day and Night, yet not alſo half of the Equa- 
tor aſcends or deſcends together : But in Northern 


Signs more than half aſcends and leis deſcends : In 


Southern, leſs than half aſcends, and more than half 


_ deſcends : Therefore ſince the! Portions of the Equa- 


tor. aſcending and deſcending together, meaſure the 


Day and Night, again the cauſe of inequality is ma- 


nifeſtt. | 3 

II. In a paraltet-Sphere the whole Tear is divided 
into one Artificial Day, and one Night ;, yet the Day, 
in a Northern Parallel, exceeding the Night in Mag- 
nitude, the contrary of which is made in the Southern 
Ps A EE 
I. The cauſe of this is, becauſe in this Poſition 
of the Sphære, half of the Ecliptick being always 
elevated above the Horizon, all the Parallels of the 
Equator which arrive with it, it ſhews above the 
ſme : Therefore how long, the Sun is converſant in 
this half, ſo long is the Day, without any Night in- 
tervening : On the contrary, the other half of the 
Ecliptick, witli the Parallels of the Equator, always 
lie hid beneath the Horizon, and makes no Day, but 
continual Night; which delay in both, extends it 
ſelf to half a Year, or fix Months. 1 
2. Hence therefore from the Analogy of our Arti- 
ficzal Days it may, be ſaid, that by only one Annual 
Revolution of the Sum, only one Natural Day is nade; 
the Artificial Days of which compleat half a Tear, and 
tbe Nights in like manner half a Tear. 


And 


Pg 


. 
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And becauſe the Annual Orbit of the Sun is Fc: 
centric, the Apogeon of which continues in the Nor: 
thern half of the Ecliptick, in which the Sun is mo. 
ved flower than in the half on the South part, and 
therefore abides longer in the Northern half, than in 
the Southern : Whence in the Northern part the 
Day is made a little longer than the Night ; on the 
contrary, in a Parallel Sphære, in the Southern part, 
the Night is longer than the Day. wh 
= And the ge A a Dey or Night 
may be known in an Obligue Sphere, by the Dimenſion 
of the Diurnal or Nocturnal Arch. ” : . | 
XII. And aDiurnal Arch zs an Arch of the Equa- 
tor, from the Riſing of the Sun to the Setting 5 the 
ſame, or the ſpringing forth of Day. 
Like to this, is the Parallels of the Natural Day, in which the 
Sun is converſant, ſhewing the Segment above the Horizon. 


XIII. 4 Nocturnal Arch 7s an Arch of the Egua- 
tor, which from the Setting of the Sun, even to its 
Ri ing, or in the Night, deſcends beneath the Horizon, 


Equal to this, is that which from the Setting of the Sun even to a 
its Riſing, aſcends over againſt it; likewiſe the inferior Segment 4. 
of the Parallel of the Sun. = E Nat 

(But how the Length of the Day and of the Night, may be W | 


found from theſe Arches, ſhall be ſhewn in the Problems.) 


. 
ag e 
— 
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Of Hours and Minutes. 


HE Days, as well Natural as Artificial, are 
divided alſo imto Hours and Minutes, or 
Scruples of Hours, _— 
1. This diftinction was not uſed by the moſt An- 
cient, who generally ſignified whatſoever time, 
either by the Four Seaſons of the Year, Spring, Sum- 
mer, Autumn, and Winter : And the Day they di- 


vided into Four Vigils, the firſt of which was m— 
Wo” 9 OL 
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Pur Hour of 6 even to 5; the other, or ſecond, from 
% to 12; the third from 12 to 33 the fourth from 


2. The day allo, as well Natural 28 Artificial, 


they divided or diſtinguiſhed into time before Noon 
and after Noon, numbering from Midnight with 
reſpect to the Natural Day; but from the riſing of 
che Sun with reſpect to the Artificial Dax. 


3. Alſo there have been in old time, many other 


parts of the Natural Day, to wit, Midnight, Cock 
Crowing, the Morning Twilight, Day break, the 
Morning, Noon, the Evening, the ſetting of the 
Sun, Candle tinding, the Evening Twilight, unſea- 
Honable Night, the dead time of the Night; but 
Ie at this time diſtinguiſh the day more conciſely 
into Hours and Minutes 1 


2. An Hour is either the twenty fourth part of 4 
Natural Day, or the twelfth part of an Artificidf 
3. And tis either equal or unequal. 
4. An equal Hour is the twenty fourth part of 4 
Natural Day. Re — 

1. Tis called alſo an Equinoctial Hour. 

And is a ſpace of time, in which 155: 2“: 28“ of 
the Equator aſcends above the Horizon, yet for 
which, for the ſake of roundneſs, for the moft part 
we number 15* of the Equator for one Hour, and 
back again one Hour for 15 of the Equator. 
2. But ſince the Hours of a Natural Day are faid 
to be equal, that is to be underſtood, not to be true; 
tor becauſe the Natural Days are "unequal, whicit 
ue meaſured by Hours, alſo the Hours themſelves 
nuſt needs be unequal; not indeed the Hours of 
one day, in reſpect of which they are truly {114 to 
be equal, bur in the Ratio of divers days conſider- 
d; which inequality, notwithftanding becauſe it is 
mall, is not heeded, but is accounted for equality. 

Da -— F. 4 


F. An unequal Hour is the twelfth part of an Ar 
Trficial Night or Dy. 
1. Theſe Hours are called Temporal, perhaps fo 
the conveniency of doing of things; likewiſe ſuis 
cal or 7ew:/h, becauſe they were uſed by the Zeur, 
as appears from Holy Writ. 
2. And again we muſt note, that theſe Hours att 
called unequal, not with reſpect to one Artificial 
Day or Night, for ſo they would be all equal, bu 
with reſpect of divers Nights or Days; tor tu 
the Hours of theſe are unequal, more long of th: 
longer days, more ſhort of the ſhorter. 
3. Therefore according to the diverſe Conſider. 
tion, all Hours (except of equal days, the Hours al: 
ways by Aſtronomers are feigned equal) are alſo e x 
qual and unequal: The equal are all the Hours d -* 
one and the ſame day; the vn, the Hours of 
divers days: Of Natural Days, uſe of the un 
equal Additaments, and the obliquity of the Eclip: 
tick: Of Artificial, ſince for this reaſon, as alſo be. 
cauſe of the obliquity of the Horizon: Bur becaue „ 
that inequality is ſmall and uneſtimable, therefore 7 } 
the Hours of it are accounted equal; but this, be 4 


/ 
cauſe great and notable, therefore the Hours of it ws 
ar cxemetnnagual ES. - * T4 

4. Others diſtinguiſh the unequal Hours alſo int -* 
Zewiſh and Planetary; and theſe they number an 
diſtribute in another manner than the Zewz/h, altho U 
ſome confound them, and account them for the] ** 
ſame: But becauſe the vanity of Aſtrologers have} = 
feigned theſe Planetary Hours, as alſo the days of. © 
the Week are denominated by them; therefore t 
ſpeak concerning them, we think it not worth ou 

while. 5 r f 
6. The Sixtieth part of an equal Hour is called 
Minute or firſt Scruple, the Sixtzerh part of this 

ſecond Minute or Sctuple; and /o on, even to th} 

7 22 


Fo 


without ſome Fruit, or to ſpend it vainly; for all 
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time, that we ſhould have the Ratio or Proportion 
of all, yea, of the moſt Mimite Particles of it; 'neis 
ther thonld we ſuffer any time to flip or paſs away 


things are other Mens, Time only is ours, as Seneca 
faith z which indeed neither can ſuffice for neceſſary 
things, altho' it ſhould be preſerved moſt diligently, 


And we muſt note, that the Method of conyerting 


of Degrees and Scruples of the Equator into Hours 
and Minutes; and back again, Hours and Minutes 
into Degrees and ps of the Equator, may bg 

'1. The turning of Degrees and Scruples of the 
E qauuihi into Hours and Minutes. i 


Aſſume for C For one Degree) 4 . 
any of the—y A firſt Scruple | 4” 3 Of an Hour 
| Equator LA ſecond Seraple 4 * 
Multiply as well the Degrees as the adhering Scmu. 
ples by 4, and it produces from Horary Degrees firſt 
Minutes, from Scruples & the Equator Horary ſecond 
Minutes, &c. which afterwards, if they increaſe he- 
yond 60, they muſt be reduced by Sexagenary Divi- 
fon to the far Sa. AT > 
Degrees of the Equatot 31“ and Scruples 43 
How many Hours and Minutes do they conſtitute ? 
Anſwer, from multiplying by 4 comes forth 124 
and 172 Horary Minutes, that is, 2*: 6: 52. 
2. The turning Hours and Minutes into Degrees 


and Scruples of the Equator. 


For one Hour —-——— 15 ( T 

ame For one firſt Minute Is {ox the Equator 
For one ſecond Minute J 13“. { | 

Multiply as well the Hours as the Scruples by 45, 

and it produces from the Hours, Degrees , from the 

L | Dd 2 u 


= 2x AR = 
4s 
.4, a 
"VC + * * 
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Firſt Minutes is . firſt Scruples of the Equa- 
toi, from ſecond Minutes is produced ſecond Scru- 
ples of the Equator, &c. to be reduced to the former 
Species or Rank, if there be need. 

IE Example. | 

Hours 2, Minutes 6, 2 or ſecond Minutes 
52: How many Degrees and Scruples of the Equa- 
tor do they make? Anſwer, from the Multiplicati- 
on is produced 30: 90: 7800, that is 31*:.43;: 
13: of the Equator. 


* 


— 


2 


CHAP. v. 


Of Astronomical Tears, and in particular of the 
| Solar. 


I. \ N Aſtronomical Tear in general, is the Revo- 
lution of any Star, made together by its pro- 
per, and mean or equal motion. 
Hence then they are. 
Of Julian Years. Days. 


1. The great Syderal Year 25411, 215. o. 
2. The Saturnine — 29. 158. 3. 
3. The Jovial — 7. 313. 14. 
4. The Martial — — n___ 1. 321. 22. 
5. The venere. | 224. 17. 
6. The Mercurial ⁊x[ͥã . 87. 23. 


2. But in particular, an Aſtronomical Near is ei- 
ther Solar or Lunar. 1 

For although che Revolution of any Star meaſure 
time, and may conſtitute a Lear, yet theſe two Lu- 
minaries are thoſe before the others; and according 
to he Courſe of them the Annual times are deter- 
mined. | 

2. A Solar Year, 2s that ſpace of time in which the 
Sun departing from one pals of Heaven, returns 10 
the Same. : | 


4. And 
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4. And it is twofold. © 

I. Sydereal, and | 

2. Tropical, or turning about. > | 
F. A Sydereal Solar Year, 7s that ſpace of time in 
which the Sun departing from the 1 * of Aries, re- 
turns again to the ſame. _ gre 

For altho' any fixed Star may be appointed for 
the beginning of this Year, yet always we make 


| choice of ſome Illuſtrious or bright Star: So the 


Eeyptians began their Year from the Tiling of the 


Dog Star, which hapned in the Summer; the Gre- 
| cians from the riſing of the 7 Stars; we from the 1 


Star of V near tc the Equinox: But becauſe the 
length of a Sydereal Year is of more ſubtil obſerva- 
tion, hence it comes to paſs that Artificers do not 
agree in Minutes. | 
| SS =. > 
By Copernicus this Year is 355 :6 :9 : 39 
By cho. _ 363 6 9 2 26 
6. The Tropical Solar Year, 7s hat ſpace of time 
in which the Sun under the Ecliptick departs from 
the point of the Vernal Equinox, and returns again 
10 the ſame, 8 3 
In which the preceſſion of the Equinoxes, or the 
motion of the fixed Stars is unequal; they alſo have 
this unequal Year, one while greater, another while 


leſſer; between which the or equal is: 
According to Tycho 265 : 5 : 48 45 
The beginning of this Year, which may be taken 
in every place, Aſtronomers place in o Y or the 
Vernal Equinox, in which moſt notable point alſo 
they begin and end the Zodiack. | 
7. And this Year is diſtinguiſhed into 4 parts, 
which are, Spring, Summer, Autumn and Winter. 
Commonly *tis diſtinguiſhed into two only, vig. 
Summer and Winter; bur better into 4 parts, which 
are called the 4 Quarters of the Year, or the 4 Sea- 
Dd 3 ſons 
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ſons of the Year, in which is made the Nele evident 
mutation of the Air. 

8. The Spring, with ws is the 1 
Tear, from z he Vernal Equinox fo the 

Rete 

In this time the Sun aſcends to us thro? Y, & and 
x, whence theſe Signs are called Vernal. 

9. The Summer, 7s the ſecond part of the Tear, 
in the Summer. Solſtice to the Autiunnal Equinox, 

n this time the Sun paſſes thro" the 2 Summer 
Sens, S, Q, W, thto! which it departs from us, 
and defcends rowirds the South. '' 

10. Autumn, is the third part of the Tear, from 
the Autumnal Entinox, even to the Winter Solſtice 

In rhis time the Sun deſcends further thro? the 3 
A nl Signs &, m, 2, until it hath departed 
the furtheſt from us into the Solftice. 

11. Winter zs the fourth and laſt part of the Tear, 
from the Winter Solft; ice to the Vernal Equinox. 

In this time the Sun paſſes chro” the 3 Winter 
Sig ns vw, , X, thro which it aſcends again from 
the South, and returns to us again. 


„„ 


ummer Sol. 


1 


r > © A . AA a. Es „ 


CH A p. VL 
of the Lunar Tear and Aſtronomical Months. 


1. AN Aſtronomical Lunar Year, is that which i; 
taken from the motion of the Moon. 

2. And 'tis twofold. 

1. Simple, per ſevering by one revolution of the 
Moon. 

2. Compoynded of many Revolucons of the 
Tame. 

3. A Simple Lunar Vear, otherwiſe called by 4 
Name more in ule, from Alan bo, and tis twofold, 
Feriodical and Synodical. | 65 Ing 
$ 


por of- the | 


75 


he 
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4. A Periodical Month, 7s that in which the Moon 


under the Ecliptick is turned about from one to the 


ſame pornt. | „ 3 
ka 5 : D. N 5 5 3 
L ri ine 75 ge 
5. A Synodical Month, 7s 7hat in which the Moon 
departs from the Sun, and having compleated all the 
diperſities of her appearances, returns to the fame- 


This Month confiſts of 29 : 12: 3 44 
1. And this is underſtood of the mean or equal 
motion of the Moon; whence alſo the mean or equal 
Months are made; but the true Months are very 
unequal; of the Periodical, by reaſon of the inequa- 
lity of the Moons motion; of the Synodical, by 
reaſon of the inequality both of the Stars and of the 


Sun and. Moon. 7 ͤ 9 
For in the Summer, the Sun being in Apagæon, 


marching ſlowly, the Months grow ſhorter, becauſe 
the Moon being ſwift, ſoon overtakes the Sun, being 


the ſlower: In the Winter, the Sun being about the 
Perigæon, marching ſwiftly, the Months are longer, 
becauſe the Moon is ſlow, and overtakes the Sun, 
being more ſwift, but flowly. gat 
Moreover, ſince the Moon is flow in her Apogeon, 
fwift in Perigeon, therefore flower there than here, 
all other Circumſtances being the ſame, it finiſhes the 
reſidue which remains to it, to compleat the period, 


by its motion to the Sun. 


Therefore the cauſes being compounded into one, 
when the Sun is in Apagæon, the Moon in Perigæon, 


the Synodical Month hath Days 29, Hours 6, Mi- 


nutes 42; but when the Sun is in Perigæon, the 
Moon in Apogeon, the Month is almoſt 30 intire 
days, for they want only Hours 4, and Minutes 23 
becauſe of this inequality Aſtronomers negle& the 
true Months, and are content with mean, being 


equal, | 
D1 4 2. Alſo 


* C2 ; 
2. Alſo we muſt know, that to theſe. rwo kinds 


of Months a third alſo is wont to be added, which 
they call the Month of Illumination; and *tis the in. 


terval or ſpace from the firſt day of beholding the 


Moon, after the Aſſembly. of both the Luminaries, 
even to the laſt day of the Moons vaniſhing: Theic 
Months alfo are very unequal, for that cauſe, thar 
the Moon in failing and renewing, ſome. times pro- 
moting her appearance, other times ſuſpending ir, 
for rhe cauſes declared in the Theory of the Moon. 
3. Laſtly, we muſt note, altho' the Months, pro- 
perly ſo called, are made by the courſe of the Moon, 

et Analogically alſo they are conſtituted Solar 
KMomks by ſome Aſtronomers, which are the ſpace 
2. time, in which the Sun views one Sign of 


made by an unequal motion, therefore they are alſo 
unequal; but if from the. true, being unequal, we 
aſſume the mean, being equal, it will make the So- 
r 1 


Ul of. 3-4 T0F 


20.3. 20..: 19. 


* 


6. A Compounded Lunar Year, is the ſpace of 
time, in which the Moon, after ſome Aſſemblinge or 


Conjunclions with the Sun, comes to it again, and is 
united with it not far from the former place. 
7. And this Year alſo is twofold, I. Common, whigh 


compriſes 12 Synodical Changes, and 2. the Leap. 


Tear, which hath 13 Synodical Changes. 
For becauſe the Moon after 12 compleat Changes, 
doth not overtake the Sun, bur after 13 Changes 
out goes the ſame, therefore the Lunar days that 
are wanting, are reſerved until they conſtitute an 
whole Month in the ſecond or third Year, which 
they intermingle, that the Conjunttions of O and D 
may continue; whence the Year runs up to 13 
r | 

& Again, both are 1:oofo!d. 8 

I. Mei, which is the Rule of the ret. 
| 8 . 300 


the 
odiack, or a twelfth part of it; which, ſince tis 


le 


477c 


leſs. 
9. The Mean zs the Common. 
Days. 2 80 . hu 
Of 354 43 : 28 : 10. 


A the Leap Year. 
Of 383 21-532 3:40" 3.26: 


Thus far of Aſtronomical Time. 
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2. True, being Irregular from the W more or 


F Politick or Civil Time. 


<0 HAP. I. 
| of Politick or Civil Days. 


Poe or Civil Time, 25 that which any Peo- 


le or Nation, from rude and popular Qbſcr- 


vation Celeſtial Motions, conſtitute to shemel ber 


for the uſe of the Citizens. 
Therefore the Rule and Meaſure of this is Aﬀro- 


nomical Time; to which, by how much the nearer 


the Politick approaches, it is accounted the mote 
N 


. The Parts of ibis, like as alſo of Aſtronomick, 


are. 


Days, Vears, Months. 


. Politick Days, differ not otherwiſe ſrom true 


al unequal A | Rronomic al, than that ſome begin then 
in 


©. 4, 
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in another plate, und diſtribute them into ſome. and 

orber Hours, or number them otherwiſe. Fg 
For that we may ſpeak only of fome. 


I. The Hebrews by Divine Authority, begin the 


day from the ſetting of the Sun, conſidering the 


order of the Creation of the World, for from the 
World, being juſt: begun upon the Face of the A- 
byſs, or that great heap of Water, made in the firſt 
day, which was as it were, the matter of the future 
Edifice, they were as yet in Darkneſs, ro which 
Light ſucceeded, even as the form of all things; 
and fo there was made from the Evening and the 
— 8 the fitſt day, as the Scripture ſpeaks Ge- 
neſs, I. - 

2. Theſe are imitated by the Ancient Athenians, 
but at this day S7/e/tans, Bohemians, Marcomans, 
Italians, &c. the Clocks of theſe ſounding the 2 
Hours from Sun fetting ; and the end of the Civi 
day they alſo make the beginning of the other. 

3. The Chaldeans or Babylonians, and at this time 
the Nerinbergs, begin the day from Sun riſing. 

4. The Imbrians, the Egyptians, the Arabrans, 
they place the beginning of the Civil day in the 
Meridian or Noon time, which alſo Aſtronomers 
do; bur the Romans in the Midnight. ED 
F. Wear this day follow both, and begin the 
Civil. day either from Midnight or from Noon; 
for from both places the number of 12 Hours is 
turned about to its beginning. = 4-5 
4. And as ihe Civil day among others, Þath ano- 
ther beginning, ſo they 4 the fame alſo di- 
Vers ways into Hours. PP 
F. For alibo "iis almoſt every where received, 
that 24 Hours conſtitute a Natural Day, yet ſome 
make them equal, others unequal. ED 
. Underſtand equal in reſpe& of one Natural day; 
for if we conſider divers Days, fince they are 2275 
85 qual, 


1 wy 4. cams 


JK) 


19 


ed, 
"me 


ay; 
me- 
ual, 
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qual, the Hours. alfo muſt of neceſſiiy b eO Ati: 


enn N | 4 908 | N 
ks. 6. They which have the Hours of one dov e 
ome of them number them intirely, from i 
hut ſome biſett them in the middle of Day and NU 
L. 9 others number ihe Hours of the Day and 6 
the Night aſunder, and ether Night or Day bein; 
ended, they return 10 Lt. 

And theſe, if they Inbabit in an Oblique Ophear 
on the North part, in the Summer time they have 
the Artificial Days longer by many, Hours than che 
Nights; in the Winter time the Nights are longer 
than the Days. \. 4 | 
J. They which uſe unequal Hours, divide the Ar- 
tificial Day into 12, and the Night into the [ame 
number of Hours. : Lt | 

Then fince the Days in an Oblique Sphear being 
compared between themſelves, and to the Neigh- 
bouring Nights, are in no manner equal; alſo the 


Diurnal Hours of divers Days being compared be- 
tween themſel ves, and with the Nocturnal Hours 


next to them, muſt needs be made unequal. 


OUR A Br 
Of Polutick Tears. 


I. A Politick or Civil Year, is 2 certain number of 


zhole Days, collected either from other cal. 


a 5 
ſes and reaſons, or from the Sun or Moon, or from 


the Periods of beth Motions; and neglefting the A- 
[lronomical, theſe being inſtituted by the People of 


if 


any Nation, they are received. 


From this Cauſe: they need the Intercalation, as 
they call it, or the inſerting of Days or ot Months, 
left the defect, though ſmall in the beginning, in 


ſucceſs 
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ſucceſs of time increaſe too much, and the Civil 
Year be changed unmeaſurably from the Aſtrono- 


— lein. 8 I 
2. And of theſe Politick Years, alſo ſome are So- 
lar, which are accommodated to the mction of the 
Sun; ſome Lunar, which are eſtimated chiefly, ac- 
cording to the courſe of the Moon. FA opts 
2. Uf the Solar there are many Kinds, three of 
which will be ſufficient for us in this place. 
The Julian, The Gregorian, The Egyptian. 
4. The Julian Year ic, that which Cajus Julius 
Cæſar either conflituted, or uſed in the Roman En. 
pire, being ordained by a publick Edit. 1 
5. Aud tis twofold. ö 
1. The Common, of Days 365. 
2. The Leap Near, Bifſextile or Intercalation, re- 
curring every fourth Year, of Days 366. 
I The cauſe of this droerſuty is this. . 


I. Julius Ceſar would not neglect the Hours in 


the Aſtronomick Solar Year, or the Yearly Hours, 
adhzring to the Cixcuit of the Sun, but thought to 
intermix them in his Civil Year, which he would 
have to be Solar, that it might exactly agree with 


the Heaven. 
2. But when he conſidered that the Sun finiſhed 


its Courſe in Days 365, and Hours 6, therefore he 


appointed, that even as the Aſtronomick, ſo alſo 
his Civil Year ſhould have ſo many Days and Hours. 
2. But becauſe theſe 6 Hours being obſerved eve- 
ry Year, was not fit for Civil uſe, (for ſince tis con- 
venient that the Years and the Days be conveyed 
from one and the ſame beginning; theſe 6 Hours, 
every Year at the beginning of the Year he with- 
drew) therefore the 3 former Years he intirely neg- 
lected them, and made every one of theſe Years 
commonly of 365 Days. | 1 
4. But the fourth Year, in which theſe 6 Hours 


+ *% 


4 times taken, make 24 Hours, and therefore an 
whole 
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whole Natural Day; this day he ordered to be 
planted between; and therefore every fourth Year 
he made to conſiſt of 366 Days: Whence every 
fourth Year he called Embo/:me25, but we Biſſextile 
or Leap Tear, becauſe that day of Intercalation in 
old time was placed to the Sixth day before the 
Calends of March, either before or after, and the 
Sixth of the Calends of March twice numbred; but 
now at this time, that day of Intercalation, (or which 
is to be added) is joined to the laſt day of Febra- . 
ary, which therefore obtains 29 Days, when other- 
wiſe it hath only 28. „ | 

5. And we muſt know, that this Julian Year of 


Days 365 and Hours 6, is longer than juſt; and the 


Aſtronomick Year of Days 365, Hours 5, Minutes 
49, is exceeded by it by about 11 Minutes, or a 
little more: Whence in ſucceeding times aroſe ſome 
inconveniency; and it came to paſs that the Ingreſs 
of the Sun into the firſt Scruple of Aries, or the 
point of the Vernal Equinox, which Cæſar would 
have affixt to a certain day of the Month of March, 
remained not there, but every Year anticipated, or 
took up before that time almoſt 11' of an Hour; 
which from the time of Fulius Ceſar, to the Year 
1653, being collected Yearly, increaſed beyond 14 
days, by which the Equinox crept forward to- 
wards the beginning of the Year. 
Hence is ariſen 

6. The Gregorian Year, which Gregory the XIII. 
Pope of Rome, about the Year of the Chriſtian Epo- 
cha 1580, Inſtituted among them. | 

This Pope to corref the Error of Julius Cæſar, 

and being willing to reduce the Equinox to the days 
which was deſerted, and to take care of this Antici- 
pation for the future, he introduced this Tear, not 
received by all, but only by his Romans. 

Then 1. that he might Retra& the Equinoxes to 
weir former places, from which they had crept for- 
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i OF YSTRONOMY. - Book. 
ward from the former days, he concealed or took no 
notice of 10 days in the Julian Year, and command. 
e to be over-· paſt, or not accounted in num. 
2. And that they ſhould not again be removed 
from their Seats, which may happen by reaſon of 
too much Intercalation, and aſſum ing the Year long- 
er than juſt; he commanded that in the following 
Years of the Chriſtian Epocha 1700, 1800, 1900, 
c. which otherwiſe ought to be Intercaled, that 
the Intercalation ſhould be omitted. 8 
And this is the reaſon that thoſe which uſe the 
Pontifick Gregorian Kalender, always anteceed us 
10 Days; which Anticipation, by reaſon of the 
neglect of Intercalation in the Year of the Chriſtian 
Epocha 1700, being this preſent Year, in which 1 
am Writing this Book in Engliſb, it will be 11 days, 
and in the Year 1800 12 days, in the Year 1900 13 
days, if the World ſo long remain. 
7. The Egyptian Year, is the ſpace of time, al. 
ways containing 365 Natural Days. 
Moe call this the Solar Tear, not becauſe it depend; 
on the Suns Motion, but that it approaches nigh 10 
the Solar Tear, negletting only 5 Hours and 49 Mt 
nutes, which adhere to the Circuit of the Sun, Afirv 
nomically conſidered. TE. any 
But becauſe theſe Hours and theſe Minutes every 
fourth Tear conſtitute almoſt an wiole day, it comes 10 
paſs, that from the neglect of them the beginning of 
every fourth Tear is Anticipated by one Day; and 
therefore in 1460 Wears an whale lear is wandred 
away: Example, from the 1 of January 10 the 31 of 
December, 2 5 this to the 30 of. the ſame, &c. And 


this the Julian and the Egyptian Jeor in 1460 Nears 


agreee again at la, 
the Tear 1461. 


2; and iben the Egyptians number 


CHAP. 


E S ER OT. 4s 8 


ftitute 11 Days in the ſpace 0 
Ratio of a Lunar Tear ſhould ſtand firm accurately, II x 
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Of the Civil Lunar Tear. 
1. Unar Politick Years, are alſo either Simple, 
VL which conſiſts of one Revolution of the 
Moon. : | . 1 be 
Or Compound, which conſiſts of more. 

2. Simple Lunar Tears, (which as we have alſo admoniſhed be- 
fore, are called more rightly and more uſefully Months) are by 
turns, of Days 30 and 29, made in imitation of a Synodical 


Month, (viz. a Conjunction of the Moon) in which ſhe being de- 
parted from the Suu, returns again to the ſame. . 


For the Moon from a Conjunttion with the Sun, re- 
turns again to the ſame by mean or middle Motion, in 
Days 29, Hours 12, Minutes 44. And left the 1 2 
Hours that are annex*'d ſhould cauſe trouble, for 
them in the other Month alſo an whole Day is aſſu- 
med; whereby it comes to paſs, that what is with= 
drawn from one Month, advances again to the other , 
and therefore ſome equality of Months is preſerved, 

3. A Conipound Lungy Tear, alſo is twofold, 
Looſed and Bound. . 44. 

4. Looſed, is that which is exempted from the Laws of the Suns 
Courſe, being made in ſome meaſure from many changes of the 
Moon, or from the meetings of the Sun and Moon. 


5. This again is twofold, _ 
1. Common, of 12 Months, an half part of which is of 29 Days, 


the other half of 30, whence the whole Year is made of 354 
Days; for 29 drawn into 6, makes 174, and 3o drawn into 6, 


makes 180, both being added, are equal to 354 Days, or a com- 


mon Lunar Year. | 

2. Leap Tear, in which one Day is added over and above 
the 12 Changes ; 1o that the Year 1s made of 355 Days. 

The Turks from the Diſcipline of the Arabians, uſe ſuch 
Tears, and of the Leap Year or Intercalation, this is the Ratio 
or Reaſon ; to wit, beau one change of the Moon contains 
beſides 29 Days and 12 Hours, alſo 44 Minutes, which con- 
O Tears: That therefore the 


have been Intercalated exactly in 30 Tears; which Intercala- 
tion, leaſt it ſhould be made together, and at once, they diftribue 
1 


— — 
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it into the 30 Tears; ſo that 19 Tears are Common, 
of Days 354, hut 11 Tears, to wi, 2, 5, 8, 11, 13, 


1 19, 21, 24, 27, 30, are Leap Tears of 355 


JS. | =} 0k | 
Hence tis evident, that one Period or Circuit is 


of 10631 Days, which make 360 Changes, every one 


ce, whichis. © 
EEE OOO: 2 3 oe” : 
which agrees ſufficiently to Aftronomick Truth; there- 
fore the beginning ale Turks Lear alſo is uncon- 
ſtant, and runs out, from Spring to Winter, from 
Winter to Autumn, hence to Summer; until in the 
Tirtieth Tear it paſſes again into the Spring time 
And 30 of our Nears are among the Turks very near 
6. A Polnick Lunar Tear Bound, is that which 
ſo obſerves the courſe of the Moon, that ſome of 
the Years being elapſed in the Period, they make 
4 Lunar equal to the Splar, and they agree exact- 

"Ibis Agreement is ſought by many, it brings forth 
various Cycles, in which they would include it. 

| For hence it is: 

1. Of Eight Years, by (leoſtrat us, Tenedins, Har- 
pals, Eudoxius, which fince it hatli been found vi- 
tious in ſucceſs of time, there hath ſucceeded. _ 
2. The Nine Tears of Metonss, in which alſo ſince it hath been 


* 


- found vitious, there is received. 


2. The Period of Calippus of Seventy Six Years, 


from which divers forms of Solar and Lunar Years 


„ 


4 Nn an 
thers 4 
brews 6 


\ 

pare ll. Cn. 41: Of Chronglagieal Dorine. 55 
I is nat leſs uncertain what; form of Tears the. ka» 
uſed befare anl after. the Bod alſo the He- 

gart and after; the Babylonick Coptrony s 
concerning which there are diuers Opinions of droers 
Men: Indeed the Jos at this time uſe the Bound 
Lunar Tear, af 6xalt as may. be; tobich form they 
boaft_ to have received from. Moſes himſelf, but they 
ore deceroed ; ſor thai form after the. Deflruction of 
the Second Temple, at laſt was introduced, as hath 
hen demonſtrated by many; but the form of Tears of 
the Ancient Hebrews lycs hid in the dark: Thert- 
fore he that, Mall labour earneſtly in reducing thoſe 
Tears to our Julian Form, will underidke —— La- 
hour, with hiitle on rather no Benöefit. 
Therefore ri? ſuſtrient for us at all aluenture 
to know the beginning of the Tears which were 105 
by the Ancients, as well Jews as Gentiles, or homo 
many Months and Days they included in their Tear 1 
for from hencè, if not exattly, yet we may inſtitute 
ſuch comparings. with our Teers, which wil! not be 
far from Truth: We will ſhew hereafter the meaſure 
in lears of the Hebrew Bibles, to the Studious in 
Theplogye- oo i 


oy 7 


— - * *» z * 


0 1045076 enn eo 
L. Onths, have their Name from Meaſuting, 


IVI if we believe Cicero, becauſe they mieaſt 

the-length of the Year, and divide it into parts. 
2. Thetefote the Reaſon and Denomination of Politich Months 

is divers, dccording to the diverſity of Nations, and of People. 


. Our Julian Tear is divided into 12 Months, and they afe it 
a Common Lear, | WE Eg; 
ee | Days | sum 

| Fanwry 31. 31. July „ 
February 28. 39. Augeſt 31.243. 

I March 31. | go. | September | Jos | 473... 
| April } go. | 120. | Offeber.. 31.304. 

i May zit. 151. November | 30. | 324. i : 

| Jane | go. | 181. | Dame, 1. 5 
. - "WS "tg 


nes | In ef AE NOMYT. FEI m. 
„Nee, 1. In cheBifſextile or Leap Year, Feb/uay 
Ad be Day more, to wit, 29; whence in fucha 
Lear, the Lear ir ſelf, and the Sum of che reſt, b 
create by Unity, er one 
2. We number the days 0 * theſe Months! in4 
e Order; but in nd manner they .wete 
vumbred among k the Romans, appears from the fol 
bow 4 Verſes: 
Prima die ie Menſe ſes cuſut Fd 1 Ih, C 3 
Sex Nonds Mains, r, Julius & Mars. 
Qaatuor at relinui, 5 1a us quilibet o 650 
Inde dies reliquos omnes dic eſſe Calendas. 
Quads retro numerans, dices à Menſe 1 
3. Likewiſe the number of days of our wa 
are included i in the following Vertes. . 


1 days have September 
April, June, and ovember. 
Grd all the reſt have Tyirty and One, 
 Excepting February alone. | | 
Which commonly bath Twenty and E TY 
Bua in Leap Tear one. more by Fate. 
= But what is the reaſon of the Appellation of 
Nones; of tes; and of .Calends, may be ſought of 
Grammarians; with which Dermarions we will not 


* 


load this Chronology. 


F. The beginning of the fr Month, and of the 


whole Fear, happens almoſt in the middle of Win- 
3 * becauſe of the Winter Solſtice, the Cardinal 


Joint of the Zodiack, (in one of which Nature 
to have placed: the beginning of the Year) and 
alſo the New Moon) which Ge/ar would not neg- 


leck; Mit *cis like) in Old Time, when he conſtitu- 
ted'the Year from hence, the beginning of 6ur Near 


was not far from the Calends of January, which 
nevertheleſs anticipates the Solftice at this time, 


my; the Lear! is. longer than juſt, by ſome days 


2 4. The 


pare IT. Ch. fon "Of Chronolegicl! Doigrine 1 


4. 'The ER ptian Yar, hath 12 Months, eich 
20 avs, the Names of which have been; 
f. Tbor. 1 56 Ti. 8. > of | ON 
2. Phopht, 50 iGo Mechir.. | 17. K Pani. 


5555 P 0 eher. 77. 


10 * 5 95 the Horth Moſer "phy "ow b 
ed 5 days to be intercaled or added, to te the Tres 


Fg 5, Dy: of 00 


4th 2 That hah always been f 


ders thro 500 ca 2 Nor, going 5 backward. 


| Tears one 1040 101 1 I after 1420 Tears, ( 1051 i 
7 


9 85 15 8 reat Cynic Tear) returning 
the Priftine 1 and tis called nic, becauſe the 
beginning of ite. Tear returns to the riſing of th 118 
tle 170 4. Celeſtial Star, from whence it fiſt de- 

artet. 
; 5. The Loofe. Lunar Ter of t the. Turks, alſo hath 
12 Months, to which they attribute 30 and 29. Days 
one after another. 
T 


Maharram' 30. Giumadi I. 30. - 30. 
dephar. 29 Giumadi II. 38. \Schewal 29. 
Rabie l. 30. Negrd e 30. 
Rabie II. 29. Sahabin | * Dilhaga 293 
In the Tear. of Imercalation this Ia af Month bath 


30 Days. + = 


5. 1 Teſs haye pern the Months of the Hebrews: 


1! Tiſrs | O. Schebach © 35 O. Siwan 3 D. 
Alercbef, OE: = $8- Aer: tro! Tamas 29: 
Caflen © 30. Nz n 4A 30 
Theoeth 209. Har or Ziph 55 Elul 29. 


Iheſe 12 Mont his contain 35 4 Days, but when they 
ue the Intercalotion, they add one Month of 30 days, 
Yeadar, as if it were ſaid Adar repeated; and, 7s 
Tear is made of 384 Days. 

The Hebrews 57 alſo 4 two, old beginning of theif 
Tear ; the Eccleſiaſtick from the Month Nifan, inſti- 

„ tuted 


ear, yet the beginning ae bh | 


40 OF A '$:T-R-O N OMT. Book II. 
72 5 Moſes; the Politick from the Month Tiffi, 
from the Cuſtom of the firſt Patriarchs, of which that 
happens in the Spring Time, his in Autumn; and 
indeed, as tis ſuppoſed; about both - the Equinoxes, 
and the New Mac ) 725 either Equinox is eſtimated 
for the Fir Moon, 
7. The Months of the Ancient Athenians and Me 
Cc onians have bee 
Me Attics b2 92 heir Tear fran the Summer 80 
Ni. or e t e New Moon next. 10 7 3h | 
Macedonian Months in the beginning were 
Fl computed to he motion of the Moon, of altern 
Da wy an't 295 but after the Macedonians' came 
10 tt the Power. of the Romans; an received the 
Tu lian, Kalendar The y indeed, retarhed the Names of 
125 _ But & 10 the beginning and number 
5 _ they xeon mmodated the ſame intirely to the 
5 Form; and 'Audinzus ; 15 made Fre, which 


ft flln in their * der. 


N af the uli Period." e 

Fi M E is dedücks from ſome certain n re- 

markable beginning, which the Lat ins call 

Radix, others a, (u Word of; an unknown or un- 
certain Derivation. 

2. Since there are many of theſe which are uſed in PETS 


Forms of Years, and they begin from divers times of the Tear; 
tis moſt uſeful, that if we : woutd have the ſure beginning of each, 


before all the known, we muſt have ſome Univerſal Epocha, by | 


its. Teats containing all others in it ſelf, and ſo cited from a great 
while fince, and continued to many Ages; and having a known 


Farm of Year, and running from a ſure and, Ai beginning of a 


ear. 


3. Since no ſuch can be, (to wit, which alſo of 


It ſelf includes the beginnig of the World) it is oe 


{ > = 
? 
# + *» 9 * 
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ful to deviſe one, which the Ingenious 7o/eph Scaliger 


hath done, by introducing the Falium Period. 


4. It proceeds not from ſome real hegiuning, but is P roleptich 


and A unpti ve, long before the beginning of the Creation of the 


7 — 


World; before which, notwithftanding we imagine Years of this 


World it ſelf ſome ſure beginning OT þ 
5. And it confifts of Z/:an Tears, N from 
the Calende of January, and ſo is moſt noted, and 
moſt fit to deſign the beginning oF other Epochas. 
6. Tis compoſed from 3 ele (which ſhall:be 
explained hereafter) of the Sun 28 Years, of the 
Moon 19, of Indiction 15 Years, Multiplyed in them- 
ſelves, and fo contains 7980 Vers. 
7. And it flows from that- imagined or feigned 
time, in which, thoſe 3 Cyc/es of Years begin toge- 
ther; whence it appears, that this Oele, as it began 


kind to have been; that alſo we maaſſign in them, to the 


before the Creation of the World, ſo it will not be 


compleated before the end of the World. 


as —— „45 e * 


e 
Of other Epochas, in what Year and Day they be- 
gin of the Julian Period. 


From the beginning of the Julian Period there are 
| Tears of Julian 
| | | ts ws Period. N Days. 
I, To the Fall of our firſt Father R 
4dami.!üł⸗łb—:Cu——- 1 749. 301. 
2. To the Fudaic Ara, which they 
think falſely to be the Epocha > 952. 279. 
of the World ) | 
3. To the beginning of the — wy . 
verſal Flood.” 424953: 156. 
4. To the Ara of the Bahlonians. 2480. -|- 8. 
5. To the Year of the calling of? RS 
Abraham, and of the Divine- 2773. o. 
Promiſ. . f i MAS GE BET > 


Ee 3 6. To 
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eNOS 1 Julian. Years Days 
6. To the gold 2 forth of the Tha: 0 (| 1 
|  Tites from e þ _ 3 + : 
<1 7. To the Building: of | Solomons, 858 „% 1g. 
Temple. 5 9 
8. To the firſt Qlympiad: of Ipbitag. 392 203. 
9 . To the Bu ilding of Rome by Cato. 32 1 111. 
10. To the beginning of the ra; 7 
„ N er 7 which the 3966 «66. 
Egyptian Yeats are from the” | RF 
191 wor tor 88 70 oy 4 :- 
t. To the firſt Deſtruction of Ze-! ln 1 
"Wag Fr ruſalem, and the Babylonic > dest. 
. Captivity. . | 
2. To the beginning of Cyrus. — S 41524. 
To the loofing the IBabylonic Te 3 
. Captivity. 41742 
14 To the beginning of the Pelo- 6 | 2824. | 
. ponneſiack, War. 1 ( 
13. To the Second Year of the 3 
diſe Born Darius, and the | : 
| of renewing the ae 7þ 4293+ | 
tes. 
6. To the takin Babjlon by Alex- ** 
ay ander the - Kar wy 4 25 | 43831. 
17. To the Years of the Greek 1 
3. . 442 44* 
18. To the beginning of the Julian TT IB 
Years, conſtituted by Julius @. | 4668. 
Cæſar.- — — — 1 | 
19. Foe re day one 4706. | 358. 
20. To the Epocha of the Chriſtians. 4713, 
21, To ther 5 Year of TyberiwsCeſar, | 
ad the beginning RA 4740. 232. 
BaptiſtsPreaching. — =” | 
22. To the Paſſjon of Chriſt. 4746. 113. 
23. To the Second Deſtruftion wp > 
| eruſalem. — —— 4783 | 243. 
24. To the Year of Chriſtian Epo- | IS 1 ＋ 
* cha r 6413. TR.” 


1. From each of theſe E EY if ye you take away 
Paps, you will have the diſtance 
ot 


749 Years and 303 


part II. Ch. VI. Of Chronolgical Doctrine. 4} 
of the ſame from the beginning of the World 


Example. 
*: The Paſſun of Curt ift happened in the Tear of the 
Julian Period — — 4746, 
In the compleat Day DAs 


Hm many Julian Tears and Days did that tome 10 
paſs from the beginning of the World? Anſwer, Take 
away Tears 749,” Days 301; and there is is Tears 


2996, Days 177, for the diſtance of Chriſts Paſſion 


from the Creation of the World. 


2. If you defire to know the diſtance of tivo E- 
pocha's, take away or Subtract the leſſer from che 
greater, the reſidue 1 at ory you ſeek ? e 

Tpe preſent Tear of 2 715 julian Period' is 5415 3. 

How much is it diſtant from the true Birth Day of 
Chriſt « 2 Anſwer, Take away from the given 

| Mars 6412, Days 366. 

Type Tears. of Chrifts Nativity 4795, e 

1 is left ice, Cos. 


— 0 
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of BOOK I 


1 oncerning Fell 4 ical Tine | 
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CHAP: I 
Of the Definition and Diſt inckion of Ecchfſuftic 
Time. 


7 Celeſh, uſtical Time, is that which is obſerved in 
the Church, or by the Congregation of the 
Ee 4 People 


424 Of ASTRO NO MT. :\ Book TH, 

VICE, 5 | 
The Reaſon of the Invention and Diſpoſition of 
1 was el by the Ancients, The Fele 
eee 7 Son v7 
2 And Fccleſiaſtical Time may be diſtinguiſhed 
into Fadaic or Fewiſh, uſed among the Fews of old 
time; and into Chriſtian, uſed at this very day a: 
mong Chriſtians. 5 5 = Ps! 22 
Tor the who/e Race of Mankind, in Holy Scripture 
je divided into Jews and Gentiles; The Jews from 
the Hebrews and Patriarchs, Abraham, Iſaac and 
Jacob, or of the Off:-ſpring of Iſrael; in Old Time 
they were the Congregation and Elec 15 of God: 
But after that they ſtubbornly rejeted. Chriſt, the 
Saviour of Mankind, they themſelves alſo were. re- 
fefted by God; and in their place or flead the Gen: 
tiles were received, who embraced the Doctrine of 
 Chriſt,- which are now called Chriſtians from Chriſt. 
© 3; And Ecclefiaftical Times, as well Jewiſß as 
Chriſtian, are Feaſts inſtituted in both Churches; 
in which, daily Bufinefs being omitted, Divine 
Worſhip was publickly Exerciſed. 5 

N ; | 


— 


* 


232 . 


1e r. Þ 


94 


0 the Meelly Feaſts of the Jews. 


1,” THE Feaſts of the 7ews, ſome were Weekly, 
others Monthly, ſome Annual or Yearly, 0: 
thers Annales. 
The Weekly, every Week. 
Ie Morbly, every Month. * 
J% Annan, had recourle to each Year. 
Fe Annes, dured the whole Year. 
2. De Weeily, or Septimane, is the compaſs: of 
7 Days, inſtituted by God himſelf in the firſt Crea- 


tion 


pair m. Ch. N. Of Chronological Doctrine. 425 
tion of che World; with the diverſity of Days of 
Feaſts, and of Working Days 77 
of | + 3. Working Days; were the fix former, in which 
23+ jt was lawful to do Houſhold Affairs and publick 

Buſinefs; but the Teaſt was every Seventh Day, in 
4 which they forbore doing any Houſhold Affairs and 
id ublick Bufin eſs, and were employed in the Wor- 
ſhip of God and Holy things. — 22 
4. Therefore the Weekly Feaſts of the Hebrews 
re was every Seventh Day ot the. _ according to 
mn | the number of the Days of the Mundane Creation, 
ud in remembrance as well of its Creation finiſhed in 
ve | the Sixth Day, as of Divine Quiet or Reſt taken in 
{: me Seventh day; Inſtituted by God himſelf publickly 
he in the Exerciſe of Divine Obſervance. Geneſis 2. 
. Exodus A ? 5 „ 


+ 


Ns 1. Hence this Weekly Feaſt was called of. the Hebrews Sab- 
of bath, that is Reſt, becauſe in it God reſted from the Work of 
] Creation, and commanded. alſo that Men ſhould reſt from their 
Domeſtick and Publick Buſineſs, that they might be free for Di- 
as vine Worſhip. aL < | 

Sz 2. From this Sabbath alſo the other Days of the Week were 
ne Named, to wit, the firſt or next to the Sabbath was called the 


firſt of the Sabbath; the reſt, the Second, Third, Fourth, Fifth 

and Sixth of the Sabbath. 

5 2. From the Hebrews. this Divine Inſtitution of 
the Week alſo ſpread among the Gentiles, differing 
from the true Church of God, and polluted by the 
Vanity of Aſtrelogers; for the firſt Hour of the firſt 

y, Day of the Week they attribute to the Sun, as Go- 

Q- I yernor and Ruler; the other remaining, they attri- 
bute to the ſubſequent Planets, of which they are 
continued in order thro' the 24 Hours of the Natu- 
ral Day; the Lordſhip or Rule of the Moor falls in 
in the firſt Hour of the Second Day; the Lordſhip 
of Mars in the firſt of the Third Day, and ſo on: 

of And hence it came to paſs, that the Days of the Week 

a- were denominated” from the 7 Planets, even as they 

on | -©? are 


* "2 


| 


of Tabernacles. © 
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are by many at this day, altho' the Government of 


them is Abominated as. a fooliſh thing, yea Ungodly, 


not only by Chriſtians, but alſo by Skilful and | Godly 
Aſtrologers; from this reaſon, many Men rather 
chooſe to call the Days of the Week with the Jetut, 


the Firſt day of the Week, the Second, the Third, 
Oc. than the day of O, 5, &, 8, X, 2, and h 
or Monday, Tueſday, Wedneſday, Cc. 
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Of the Feaſts of the Jews, of the Monthly, of the 


Annual, and of the Annals. 


* Monthly Feaſts of the Jews, to wit, thoſe 
I. which had recourſe to every Month, did fall 
in with the firſt day of each Month, in which God 
preſcribed a peculiar Sacrifice to be offered to him- 
ſelf by the ev§s. Numb. 28;'Verſ? IT. iwc 

The Sacrifices were called Neomenia, vr of New 
Moons, by the Latins and Greeks; by Words deſu- 
med from New Moon, which nevertheleſs by the He- 
brews are not denominated from the Moon; bat they 


Aimply uſe the Word Kodeſch, which Aniſies any In- 


AOUATION, SAW Yes $3 8 ; = 
2. The Annual Feaſts, were 3, Univerſal, to which the whole 
Nation of the Tſraelites ought to gather together into the Holy 


City, or to the Temple of the Lord; to wit. 6 
1. The Paſſover, or the Feaſt of Eaſter. 2. The 
Feaft of Pentecoſt, or Whitſuntidez and 3. The Feaſt 


3. The Paſſer, befell on the 14 and 15 of the Month Nan; 
Pentecoſt was tlie Fiftieth day after the Paſſover, and always fell 
on the 6 day of the Nonth Siwan: The-Feaſt of Tabernacles began 
with the 15 day of Tiſri. 30 T0086: N 

1. To theſe Solemn Feaſts did adhere other Holy 
Days, partly going before, partly following after; 
gs : COL- 


part III. Ch. Ill. Of Chronologigat Dot#rine. 12.7 
concerning which, as alſo concerning Sacrifices and 
other Ceremonies: obſerved in theſe days, you may 
conſult Holy Writ, with the Commentaries of Di- 
. ines. 1-6 2£ e 1 T0 £741. egg V's 
; 2. And the Jap not being content with theſe Feafts inſtituted 
by God, adde ſome other Feaſts and Faſting Solemnities, to 
1. The days of Purim, or of Lots, in which Haman ſought à fit 
day for the e of the Jews, being Celebrated the 14 
and 15 of the Month Adar. Eſtber, Chap. 9. Ti 


- 


2, The Feaſt of gathering together of Wood, Celebrated in 
the Month 45, of which 7oſephus mentions Book 2. Chap. 17: of 
the Fewiſh Wars. be 3 

3. Ihe 1 of. Renovation of the Temple, inſti- 
tuted by Juda to the Maeoabites, on the 25 day of 
the Month Caflex. I Machab. Chap. 4. 

4. The Feaft of Satisfaction of the Ark of the / 
raelites, inſtituted by Simon A ſinon, on the 23 day 
of the Month Iſar. I Maccab. 13. | 
And of the Solemnities of Fafting, Zacharias ſpeaks Chap. 7. 
and 8. which were. | FX KEE * 

1. The Faſt of the Beſieging of Jeruſalem by Ne- 
buchad nes zar, Celebrated the Io day of Thebet. 

2. The Faſt of occupying the City, Celebratedl 
the 9 of Iamug. EMI 345) 7 IN ek 

Fr The Faſt: of the Deſolate City, on the 9 of 
266 5 ES 
4. The Faſt of the Murder of Gedaliah, on the 3 day of Tiſrt; 
in which, under the Babylonich Captivity, came the Solemnity of 
Heſters Faſting, which was on the 13 of the Month Adar. Eſth. 
Chap. 4. c. . . 

5. Ihe Annal Feaſts of the Jews were every Se- 
venth Tear, a Sabbathic; and 7 times 7, that is, 
every Forty Ninth Tear a Fubilee. 

Concerning theſe, ſee Levi. 25. Deut. 15 and 31. 
where is Treated of the Solemniries, Priviledges, and 
Immunities of theſe Lears. 14 188 

Some number them in the Ci Years, which ne- 
vertheleſs are either unknown or uncertain what kind 
of Year the Hebrews uſed betore and after Maſęs; 

| which 


- 
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which ignorance or uncertainty makes theſe Years 
alfo ambiguous; therefore ſome fly here for help to 
the Myſtical Years, which they deduce from the 
Week of Days of the Creation, as a Radix in Arith- 
metical and Geomettical Progreſſion, in this manner: 
As God from 7 Days made the Week of Days, ſo 
they from 7 ſuch Weeks, or 49 Days make the 


Month, and from 7 Months or 343 Days the Myſti- 


cal Year; of which every Seventh is S2bbarhick, and 
every Nine and Fortieth is to them à Jubilee. 


e 
Of che Feaſts of Chriſtians. 


1 © ling E Feaſts of Chriſtians are twofold, Weekly 
and Aznverſary. . 5 
FE Thoſe have recourſe to every Week; theſe to every 
_— 7; Aan, 
2. The Weekly Feaſts, are the firſt day of ever) 
Week, which is called the Lords Day, for that tis 
as it were a day Conſecrated to our Lord God. 
This Cuſtom iſſues from Divine Inſtitution, in which 
one Day of every Week was deſigned to Divine Wor- 
ſhip, And as among the Jews the Seventh Day of the 
Week was a Feaſt, and Holy; ſo among the Chriſtians, 
from the Authority of the Apoſtles of Chriſt, the Firſt 
Day of the Week was elected; and fo the Sabbath was 
changed from the Scuentb Day of the Week into the 
F:r ft. | Ws 8 
1 Anniverſary Feaſts, ſome are Immovable, which 
always retain the ſame day of the Month in the 
ulian Year, altho' they happen on different Days 
of the Week; and others Movable, which happen 
in other Years, on other Days of Fulian Months, 


altho' they retain conſtantly the day of the W * 
ene 5 he 


P. 
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Celebrated. 
; . The Feaſt of Chriſts erden. NE Se, I. 
1 Th iphany, or Twelfth OS 5 January 6. 
The Converſion. of Paul. Januaryz5. 
7 Purification of Mary. February 2. 


4 Of the Annunciation of Mary. March 25. 
7. Of St. George. April 23. 
8. Of Philip 42 James, Apoſtles. May I. 
9. Of John Baptiſt. '' * 3: Func 24 
10. Of the Apoſtles Pores and Paul. Fune 29. 
11. Of James the Apoſtle. July 25. 
12. Of St. Lawrence. Auguſt 10. 


Ly 14. Of Mathew the Apoſtle. _ © Seprtemb.21. 
a 15 Of Michael the Archangel. Seßtembaq 
'} 16. Of St. Gallus. - "Offober 16. 
17. Of Luke the Evangeliſt. Otclober 18. 
ry 18. Of Simon and. Jude the AS: Oclober 28. 
18 19. Of St. Martin. Novenb. 11. 
| 20. Of Andreto the Apoſtle. Movemb. 30. 
ch 21. Of St. Luke. . » Decemb. 13. 
7. 22. Of Thomas the A oſtle. Decemb. 21. 
be 23. The Nativity of Chriſt. Decemb. 258. 
8, 24. Of Stephen the firſt Martyr. Decenb. 26, 
ft 25. Of John the Evangeliſt. Decemb. 27. 
24 26. Of Innocent Children. Decemb. 28. 


A 5 3. The Movable Feaſts are: 


ch 1. The Paſſover of Chriſtians, or the Feaſt of 


5 Chriſts Reſurrection; on which depends. 
} 2. The Fealt of Aſcenſion, the 40 day after the 


5 Paſſover. SI 
5 3. The F eaſt of Pentecoſt, the 50 day after the 


Paſſover. 
1 | 4. The 


The inmovayle Feafis among us are, And are 


of Matthias the Apoſtle... | - 


2 Of Bartholomew the N August 2 
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4. The Feaſt of the Holy Trini rinity, the 8 day after 
the 0 55 1115 of Pentecoſt. 

The differences of all the Lords Day: 8 after 
Ttinty, deſigned by their Numbers 1-9, 7 = 
And for the finding theſe Feaſts, -there are devi- 
fed ſome Cycles of Years or Periods Fee 
which alſo tn hall now Treat) 


j ; ? 
tif N 33 » 4 


2 — 


x — * 


** 
4 * 0 "TI 


15 E the FEY Pl lien Teare. 


"Cs, in this. place is the Periodical Collection 
of many Julian Years, deviſed for this end, 
tha” Eccleſiaſtical Times and others from a certain 


time, returning in the on, bs more exactly be 


defigned. | 

2. Of theſe Cycles, wy 4 Principal = 

5. The Oele of the Sun. 3. The, C Indi tio 
2. The Gele of the Moon. look Ih 25 5 : 

By .The Cy cle of the Sun, is a Revolution of 55 
Years, in which the Letters of the Day of the dab. 
or of the Lords Day, ff by Waden P. the 
Orb. | 

4. The Dominical 1 is one of. the 7 Letters 

oft the Alphabet A BCD E FG, ſhewing every Year 
the firſt day of the Week, or the day of the Sun, or 
he Lords Day. 


For tis Mont to note Which vou will os the 
Weck Days of the whole Year, with the feven firſt 
Letters of the Alphabet; fo that the firſt day, of the 
Year. hath the Letter A, the Second B, the Third 
C and fo on, even to 8, which reſumes” the Let- 
ter A. 
Therefore 


' 
| 
I 
0 
( 
L 
/ 
t 
4 
C 
* 
C 
t 
' 


the firft day of the Week, and it hath 52; Week 


bite Ch av: 07 E — Dockrine. 125 
* ſince the Common e Year ha 


and tie Bifſextile or Lea 
7 Wei a and, 2 408, and anche Poſer firſt day Po 1 — 
15 16 Year falls in the Week of Days 
the former, and alſo in the Biſextile Lags . 
bey dn one day; for Fxample, ff any one begin 


common Year from the Lords Day or Sunday, 


and 1 day, the firſt day of f the following Year wi 
fall-en the Second day of the Week, or 
the 1 of the Moon; and if this _ 4 


ito be 8 ch ſince it will have | 
and 2 8, (the following Year will f -_ 
'on Menz but on Tueſday, or the day of, 


Therefore alſo. it muſt. needs-be-that the Dini 
Letter muſt alter, nor but after 28 Years to reþ 
türn to the firſt Order. 

If. no Intercelapion ſhould be made after Se- 
12 Years, the fſt Dominica] Letter wilt repeat 

its place and order: But borate every fourth 

Year: ; by inſertipg the Biſſentil Day, the Sc 5 or 
Order is interrupted, and the intercalated; 

uires neither the number nor the Letter Vltin 
— the former; ; therefore the number” of 7 Da : 
muſt be Multiply ed by the number 4 of 
Biſſextile, and ſo to the Cycle of the Sun, or bs 
the variation of the Dominica! Letter, is attributed 
28 Years: "Moreover alſo” the Dominica! Letter 
of the Biſſexrile Year is double, the former of 
which ſhews the Lords Day, even to the inter- 
calated Day, or the 29 of Febrzary, and the o- 
ther ſhews, the day of the Sun, or the Lords day, 


thro the — part of the Year. 
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In this little Table, which * in the Year of the Chriftian 
Epocha 1644, you have in the firſt place the Series of numbers of 
the Cycle of the Sun: Then you have ſubſcribed the Dominical Lets 
ter of that Year. Laſtly, the days of the Week, or the Calends 
of January, from which every Year begins; to which the Letter 


A is appointed. © | 
J. The Cycle of the Moon, is the Revolution of 
19 Tears, in which the Ancients thought the Chanecs 
of the Moon, the Indexes of the Paſchal Feaſt, did re. 
turn to their fir ſt beginning, and was called the Cycle 
of 19, as alſo the Golden number; either from its uſe, 
in like manner dear as Gold, ꝛchich in Old Time they 
performed in ſhewing New Moons; -or becauſe it was 
expoſed to the view of all Men in Golden Letters. 
Therefore becauſe the Ancients did affix the Feaſt of the Paſſo- 
ver to the Full Moon, which followed the Vernal Equinox, alſo 
becauſe that Chriſt Celebrated the Paſſover in the Full Moon of 
the ſame Vernal Equinox, and Suffered and roſe again; from this 


Cycle they would learn the New and Full Moon, and eonſequent- 
ly alſo the: Feaſt of the Paſſover : But their expectation was fruſtra- 


ted, 


preciſely to the fame beginning in 19 Years, but is 
teſtifyed by Obſervations to anticipate ſomewhat ; 
which" defect from the time of afſiiming of this Cy- 
cle, increaſed into ſome days, and ſo the Celeſtial 
Changes were of one day; but the Changes accord- 
another; for altho the Cycle of the Moon ar this 
time doth nor any more deſign the Changes; yet from 
the Ancient Inſtitution, we who retain the Julian 


; i * 


Calendar, take out che Feaſt of the Paſſover, or of 
Edfer, tom i no otherwiſe than as if it did ſhew 
the Changes of the Moon exactly; And this accord- 
ing to the Canhons, which the Fathers of the Nicene 
| Council Aſſembled, by the command of Cæſor Con- 
amine, in the Tear of the Chriftian Epocha 3 25 
albeit they do not'agree with the Heaven, yet they 
have appointed it in this Senſe, | 3 
I. The 21 day of March is accoupted for the day 
of 14 IRIS on fot edt cots: g, 
2. The Fall Moon happening on the 21 of March, or the next follows 
ing, is accounted for the Full Mon of the Paſchal Feaſt. . 
3. The Lords Day next following this Ful Moong is the day of the 
feiſt of the Paſſwoer. VFC HY 
4. If nevertheleſs the 14 day of the Moon, or the Full Hun, hat< 
en on-that Lord's Day, the Paſchal Feaſt muſt be Ce ebrated 8 days 
Fer, io wit, leaſt it ſhould agree with the Paſſmer of the Jews: 


the Cycle of the Moon. | 1 e 
J. The Paſchal Terms, ate the nuinber of days of 
March and April, with the aſcribed Letters, ſhew- 
ing by the Golden Number and the Dominicus Let- 
ter, the Fourteenth Eec/e/aſtical change of the Moon: 
and the following Lords Day the Feaſt of Eaſter: , 
. Theſe Termt conſiſt between the 21 of March and 
be 18 of April inclaſive, in which the Full Moon 
ever neither goes before nor follows the Paſchal 
raft ; enen as alſo the Fraf tr ſelf neubet —_— 

| 3 


ur: l. Ch. V. Of Chronological Dofrivel 437 
ted, for the Changes of the Moon did not fetutn - 


ing to the Cycle, or of the Eccleſſaſt ict, were f 


6. The Paſchal Terms,and the Epat alſe;brlong to 
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In this little Table, which begins in the Year of the Chriſtian 
Epocha 1644, you have in the fi ſt place the Series of numbers of 
the Cycle of the Sun: Then you have ſubſcribed the Dominica! Let- 
ter of that Year. Laſtly, the days of the Week, or the Calends 
of January, from which every Year begins; to which the Letter 


* 


A is appointed. | 
F. The Cycle of the Moon, 7s the Revolution of 
19 Tears, in which the Ancients thought the Chanecs 
of the Moon, the Indexes of the Paſchal Feaſt, did re. 
| turn to their firft beginning, and was called the Cycle 
N of 19, as alſo the Golden number; either from its uſe, 
| in like manner dear as Gold, which in Ol Time they 
performed in ſhewing New Moons; or becauſe it was 
expoſed to the view of all Men in Golden Letters. 


Therefore becauſe the Ancients did affix the Feaſt of the Paſſo- 
ver to the Full Moon, which followed the Vernal Equinox, alfo 
becauſe that Chrift Celebrated the Paſſover in the Full Moon of 
the ſame Vernal Equinox, and Suffered and roſe again; from this 
Cycle they would learn the New and. Full Moon, and eonfequent- 
ly alſo the Feaſt of the Paſſover : But their expectation was fruſtra- 


ted, 


- * 
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ted; for the Changes of the Moon did not rerutn - 
preciſely to the ſame beginning in 19 Years, but is 
teſtifyed by Obſervations to anticipate ſomewhat; 
which defect from the time of aſſuming of this Cy- 
cle, increaſed into ſome days, and fo the Cœleſtial 
Changes were of one day, but the Changes accord- 
ing to the Cycle, or of the Eccleſeaſticks, . were of 
another; for altho the Cycle of the Moon at this 
time doth not any more deſign the Changes, yet from 
the Ancient Inſtitution, we who retain the 7/197, 
Calendar, take out the Feaft of the Paſſover, or of 
Eafter, from it, no otherwiſe than as if it did ſhew 
the Changes of the Moon exactly: And this accord- 

| Wing to the Canhons, which the Fathers of the Nicæne 
Council Aſſembled, by the command of Cz/qr Con- 

| Wfartrne, in the Year of the Chriftian Epocha 325; 

albeit they do not agree with the Heaven, yet they 

[have appoimed it in this Senſe. „ 

m 1. The 21 day of March is accounted for the day 

of ofthe Equinox. Se ; 8 EE / LE 

Fi 2; The Fall Moon happening on the 21 of March, or the next follow- 

er i, # accounted for the Full Moon of the Paſchal Feaſt. 


3. The Lords Day next following this Full Moon, is the day of the 
Feaft of the Paſſroer. 3 . 5 

4. If nevertheleſs: the 14 day of the Moon, or the Full Mis. ha- 
jen on that Lords Day, the Paſchal Feaſt muſt be Ce ebrated 8 days 
after, to wit, leaſt it ſhould agree with the Paſſer of the Jews: 


1 


, 


25 6. The Paſchal Terims, and the Epad alſo,belomg to 
% be Cycle of the Moon. | „„ 
e, . The Paſchal Terms, are the number of days of 
lurch and April, with the aſcribed Letters, ſhew- 
a5 Wig by the Golden Number and the Dominicul Let- 
er, the Fourteenth Eccleſſaſtical change of the Moon, 
To nd the following Lords Day the Feaſt of Eaſter. 


Theſe Terms conſiſt between the 21 of March and 


ot Le 18 of April incluſive, in which the Full. Moon 

ne- Never neither goes before nor follows the Pajchal 

a, Pot; even as alſo the Fraft ir ſelf neither autre 
1 


. 
5 
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ebe 22 of March, nor follows. the 25 of April, « « 
p cording to the Verſe. 5 


fte cle * a 5 
The Paſchal Terms. TA. 5. d[M.25.g| A. 13. $2; 


r 


The Feaſt of Eaſter preceeds not the 220 March 
Nor doth Li follow the 25 of April. ao n | 


FTT NZA 


1 N. 22. 1. 105 N38 N88 7: f My E 
| * . N E 5 2 FE 
" A. 15- g A. 2 1 12.d\-AT.g. [iz 7 
E n 
— . 1 . hor ly 
| This Table begins in the Year of the. Chriftia N 
q ocha 1653, and contains in the firſt place the q 
cle of the Moon in its order, next the Paſchal Tem 
in their Months, M. March. A. April; with tha ** 
Letters added to the days of theſe Months, in wid 
the Paſchal Terms fall. Therefore the Pomiid 5 
Letter being given, and the Golden Number, ni, be 
the ſubſcribed Paſchal Term, if you number fon! 
the day of the Month, and its Letter, to the nei ta 
Lords Day, you will have the Feaſt of Eafter. 
8. The Epact, are days by aohich abe Solar I tra 
exceeds the Lunar. | 7a 
1. For a Salar Year hath days 26 but the Li thi 
nar only days 354, therefore every Year gathers to 16: 
gether 11 days; and when the collected or gather] 
number ariſes to 30, the Intercalation is inſtitutelſ the 


of one Month, and makes the Leap Tear of 1 M. 
Months, reſerving the refidue to be added to th 4 
Epact of the following Lear. 29 
And theſe EpaQts are invented by the Modern the 
"0 to ihew the difference between the Saur. and Lun the 


al 


I, a 


L 
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Year, and the New and Full Mcon, and they ſhew 
the Ages of the Moon more exactly than the Golden 


Number; although neither theſe, unleſs Correction 
be uſed, dee dee that beyond 300 Years: |: 

3. And the Epacts proceed with the Golden Num- 
ber in Old Julian Calendars in this manner, from 
beginning both from the Cycle with the Year 1653. 


, 
OY 


[The Goten Number. | 1.2 3. ＋. 
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4. Theſe Epats alſo are found from the Golden 


Number, in this manner. 

1. The Golden Number being Multiplyed by II; 

2. The Product divide by 30, the reſidue conſti- 
tutes the Epacts. „ 5 

5. The «ſe of Epacts among others, is 4!ſo this. 

1. The Golden Number of any Year being given, 
the Epadts of that Golden Number Subtraf from 30, 
the reſidze ſhews the day of the firſt New Moon of 
that Tear : Example, in the Tear 16562. 
The Golden Number is 19, the Epact 29, Sub- 
tract this from 30, it leaves 1; therefore the 1 of 
January this Lear happens the firſt New Moon of 


this Year. Another Example, in the following Lear 


1552, the Golden Number is one, the Epact 11. 
This SubtrzQel from 30, leaves 19; therefore 
the 19 of Janua y 1653, happens the firſt New 
Moon of this Yer. 8 
2. To this firſt New Moon , you add alternately 
29 and 30 days, you wil/Wguire the New Moons of 
the other Montbs, Subtratting them from the days of 
the antecedent Month, if the Sum exceed them. 
Ff 2 Example. 
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Iso the 19 of January add 29, they make 43; 
Subtract 31, the days of January, there is left 1; 


pens. F RT 5:37 {i f-- 
k. 9. The Cycle cf Indiftion, is the Revolution of 1; 
Tears, in which alſo they ſhewed the time and the Ne 
order of paying of Tribute to the Roman Empire of NA 
Old Time. 3 | TT 
I. What the Ratio or Reaſon of the Cycle of In 
_ diction. is, the Opinions of Authors indeed are vari: 
ous; that which we ſhall aſſign, is made common, 


being advanced, the Name of Cycle of Indidction 
cha, being reſtored by Conſtantine the Great, Ma 


of December following. 


it {&lf beyond the beginning and end cf the World 


Example. | 


of February, in which the Second Net Moon hap- 


and agrees with the German Appellation; but 
whatſoever the reaſon of Appellation is, the thing 


continues, and the Chronological Uſe of ir, in which 
the Julian Years may be diſtinguiſhed ſome from 


ms - 


2. And this Cycle is received inſtead of an 110 
er 


of the Peace of the Church, in the Year of Chi 
312; and 'tis rwofold, from Cæſar, or the Emperor, 
and from Books containing matters of Religion: 
That begins the 24 of September, this with the 2; 


3. The new beginning of this Cycle was made in 
the Year of the Chriſtian Epocha 1648. 

10. The Julian Period 7s the Revolution of 7983 
Year's, in which only three of the ſaid Cycles of ihe 
Sun, of the Moon, and of Indickion, return 10 ile 
Orb, and begin together.  _ f 

Therefore in this Cycle are comprehended the 3 
Supe: tors, which ariſes from drawing 28 into 19, and 
the Product of the Sum 5 12 into 15: And this Pe- 
riod is introduced by i Excellent Foſeph Scaliger. 
being Pro/eprick indeed, and by Fiction extending 


ty 
to 6 
den 
noc 
mat 
thre 


and 
blen 


All 


®. 


hat the three Superiors promiſe. „„ 
And to the Years of the Chriſtian Epecha given, 
hap. if you add the intire Years of the Julian Period 

4713, you will have the Year of the Julian Period 


and hath excellent Uſes, and compendiouſly contains 


ff 15 Meurrent in the given Chriſtian Epocha. Example, the 
1 the MYear preſent 1700, How much is the 7/7a7r Period? 


re of M4nſwer, 4713 being added, makes 6413, which is 
Ihe Year of the Julian Period in this current Year 
f In- paſſing away, of which more ſhall be ſaid in the 
vari- MProblems. _ = 92 
a 1 RT | 
but {The end of the Third Book of Chronological Aſtronomy. © 
hing bs "LEN 
ation | = 
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"ASTRONOMY. 

＋ INC E the End of Aſtronomy is, not 
> only to know the Motion and Site, or 


Poſition of the Stars in General, but alſo 
o deſign and compute the ſame to any gi- 
ven Time, and that they may be accom- 
modated to the Practice and Uſe of Hu- 
he rare Life; it pleaſeth to ſhew this in 
Pe. bree parts of Aſtronomy, to Practice 
e and Uſe, by ſubjoining ſome eaſie Pro- 
blems, which follow: | 


"FF 3 I. Spherical 
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: T0V2oĩ find a Meridian Line, &c. dt 
= In a Right and Oblique Sphere the Meridian Line 8 
4 is a right Line, paſſing by the Axis of the Equator 
5 or of the World, through the Centre of the Earth, 
4 from the North Pole to the South Pole, reſembled be 
i in a Plane; the underſtanding of which conduces la 
very much to the obſerving of the Celeſtial Moti: “ 
ons, we will ſhew ſeveral ways of inquiring the mo- 
; tion of it. t ct 
il 1. By the Compaſs or Dial of Travellers. r 
/ For. it being turned to and fro, until the movable a 


| little Tongue or Needle, touched by magnetick ver- 10 
0 tue, anſwer exactly the immovable little Tongue 

depicted in the bottom of the Compaſs, then you 44, 
will have what you'defire; for this little Line it ſelf 
or any Parallel or ir, will be the Meridian Line up 


ſought. _ | _ Pe 
2. By the Compaſſes and Rule, by help of an ered M d 
nomon. dia 


1. Fix a Gnomon or Style in a Plane, parallel to 
the Horizon, erect it perpendicularly at Right Ar Mc 
gles, and note at ſome time before Noon, the Sun of 
Shining, the extream point of the Shadow, which Ne 
the Gnomon caſts from it jelt. 1 0 

2. The Gnomon being taken away from the point I per 
of its Station, through the extream point of Shadow unc 
noted juſt, before, draw a Circle. 
3. Reftore the Gnomod in its place, ketping pre- 
eifely-the fame length of it and the rectitude which 
it had before, expect until. the Shadow of the Gno-Y _- 
mon (in the time before Neon e BY of « 
8 Ic Bt :" —- J}NOO0! 


It. 


& * 


Noon increaſing again) touch in the deſcribed Circle 
again, but in another place; which point of Con- 
tract note. „„ on 

4. If afterwards you biſect the Arch of the Circle 
between the two noted points of the Shadow, and 
draw a right Line from the Center thro? the point of 
Section, it will be the Meridian Line ſought. 


NOTES. 5 


The Shadow which the Gnomon cafts from it ſelf 
being perpendicularly ereffed, or. hung perpendicu- 
larly under that moment of the Hour 12 of the Me- 
ridian, ſhews alſo the Meridian Line. 

1. A Meridian Line divided by another, and cut 
croſswiſe at Right Angles, that part which beholds 
the Sun is South, the oppoſite is the North; the 
Left Hand part of the other Line is the Eaſt, that 


to the Right Hand ſhews the Welt; ſuppoſing you 


look towards the South. - | 

2. The Meridian Line being drawn, the ſame ſhews 
the Celeſtial Meridian of any place. 

3. The Shadow of a Style perpendicularly erected 
upon a Meridian Line, or of a Perpendicular ſuſ- 
pended upon the ſame, agreeing exactly to the Me- 
ridian Line, it ſhews the point it ſelf of the Meri- 
dian, or the moment of the Hour of Twelve. 

4. The Compaſs being placed according to the 
Meridian Line, and the Sun ſhining, ſhews the hour 
of the day, although it ſhould want the magnetick 
Needle or little Tongue. | 

5. A Star ſeen by the extreams of two Gnomons. 
perpendicularly erected upon a Meridian Line, is 
underſtood to conſiſt in the Meridian it ſelf. 


| PROBLEM IL 
To find the Altitude of the Sun, of the Moon, and 


of other Stars above the Horizon. | 
"Ea 1. It 
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4% Of ASTRONOMY. Bock M. 
| I. In the Celeſtial Globe. 


1. Conform the Globe to the Poſition or Being 
of Heaven, in the given time, 7... -* 
2. Put down the Quadrant of the Vertical Circle 
annexed to the Meridian, thro' the known place of 
the Sun, or any Star given; the Arch of the Qua- 
drant intercepted between the Horizon and the place 
of the Sun, or the Center of the Star, will ſhew 
the Altitude of the ſame to the time propoſed. 


2. In the Heaven it ſelf. 


For to do this, it behooves the Aſtronomer to be 
Furniſhed with an Aſtronomical Quadrant, divided 
into Degrees, fitted with Sights and a Perpendicu- 
lar: If the Center of this be placed oppoſite to the 
Sun or any Star, and ſo long raiſed or depreſſed 
while the Sun Beams paſs thro' both the Sights, 
the third of the Perpendicular hanging freely, of 
any Star ſeen through theſe holes, or at leaſt may 
be ſeen through the little extreams of the Sights, the 
third will ſhew in the Limb of the Quadrant the 
degree of Altirude, which the Sun or any Star ob- 
_ in that moment of Qbſervation in the Vertical 
WIICIE. | 


PROBLEM III. 


To take the greateſt Altitude that the Sum or any 
Star rifing and ſetting, can have in the given day. 

This greateſt Altitude is, when the Sun or Star 
conſiſts in the Meridian Circle, in which moment it 
begins again to decreaſe, as before it increaſed. 


1. In the Globe therefore. 


Bring under the ns the Sun or the given Star, 
thy place; then the Arch it felt 
"OP On ED Ol 


to the Meridian o 


w- 9 © wa 
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of the Meridian, intercepted between the Horizon 


and the place of the Sun, or the Center of the Star, 


will ſhew the greateſt Altitude of that day. 
2. But in the Heaven. 


You will have the greateſt Altitude of the Sun, 
or of any Star mounting the Horizon, if you take it 
when the Sun or the Star is in the Meridian Circle 
it ſelf: or if this Moment be dubious, when they 
conſiſt a little beyond and on this ſide the Meridian, 
take the Altitude ſometimes increaſing and decrea- 
ſing; which greateſt Altitude you will then diſcover 
for the Meridian, and back again, you will have 
the Meridian for the greateſt Altitude of that day. 

In an Oblique Sphere the Stars tbat ſet not, do paſs the Meridian 
twice in one Diurnal Revolution, both of this ſide and beyond the Pole, 


having there the greateſt, here the leaſt Meridian Altitude, which are 
taken after the ſame manner z and this may be done twice in one long 


PROBLEM Iv. 


To find the greateſt and leaſt Altitude which the 
Sun can have at any time in the whole Tear in the 


Meridian. 
This happens, the © being in o &, and o w. 


In the Globe therefore. 
Theſe places bring under the Meridian of the 


place, in which you may number the greateſt and 


the leaſt Altitude from the Horizon. 
But under the Heaven. 


About the middle of Summer, to wit, from the 
10 to the 14 of June, likewiſe about mid Winter, 


frora the 10 to the 14 of December, (between which 


days the Sun is higheſt and. loweſt in the Meridian) 


about Noon take oftentimes the Altitude of the Sun, 


increaſing 
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increaſing and decreaſing; and you will obſerve: that 


to be the greateſt which is in the end of increaſing, 
and the leaſt in the end of decreafing; for the great- 


eſt and leaſt Meridian Altitude to be had of the Sun, 
that it can acquire in the Heaven. 8 
In this manner you will find at London. 


of . g a 5 0 
The greateſt Altitude of the Sun Er 


PROBLEM v. 


From the Altitude of the Sun given, or of a Star, 
or of any point of Heaven, to know the diſtance of 
the ſame from our Vertex. Fig. 149. POT 

The Altitude h i being found, take it away from 
h b, or 90. The refidue b i is the diftance of the 
given point from the Vertex. 


69... 


[ 


So if from 90% Or ñlñlöF 89 : 60 
Zou Subſtra# the greateſt Altitude of © ——61 : 59 
There is lefioo ro mmmmcnmmns — a8 : of 


So much © is diſtant from our Vertex, yea; in 
Summer, when neareſt to us; which diſtance con- 
fiſts of Engliſb Miles, (allowing with Mr. Norwood, 
a Degree, to contain Miles 69 4) —— 1946 [964 


But in Winter the furtheſt diſtance is 14 : 57 
: 60 


Which Subtrafed from 90 0X 89 
Tt leaves — — k — — 75 5 03 
Which is in Engliſh Miles —— — 8203 7285 


And ger it ſeem; to be diſtant ſcarce an Hundred Paces. 
PROBLEM VI. 


To compute the Altitude of the Equator, from the 


greateſt and leaft Meridian Altirude of the Jim found.” 


Fig. 183. : 
E | A 


Of 48 TRONGOMY. Bool It. 
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Tn this Scheme A B Ci the Meridian, D the Center of the World, 
ADC the Horizontal Line; B DE the Equinoctial, its Pole Lz 


FDG the Ecliptick; H G the Tropick of Cancer; E I the Nei 


of Ca pricbtn; H A the'greateſt, F A the leaſt Meridian Altitude 
the Sun; 9 A the Altitude of the * 3 HF the diflance of tie 


Tee oF Toere ore 


1. From the ad "Altitude - HA 87 259 
. Subtraft the leaſt ————FA 14 : 57 
There is left. . 47 : 
2. This Remainder divide in the middlein =: 26 7 ur 
Add this half to the leaſt Altitude F A, 14 : 
And 1 it” "makes . ; 26 . 28 
Which is the Altitude of the Equator, under the Elevation of the 
Pale of London. 


PROBLEM VII. 


* 


To find the Altitude of the Pole for any place: | 
There are divers ways, but Learners may note 


the ſe. 
I. From the And: of the Equator, being found, 


From 4 K A, the Quadrant of a Circle, 999 : Or $8: 2.6 
Subtract B 4, the Altitude of the Equator- 38 : 28 
And there will be left KBM the 7 5 of Lond. 51 : 32 


The ſame quanti 8 as the Altitude of the Pole at 


Landon ſought, L 

2. From ibe tevofold Meridian Altitude of any Star 
that ſets not. 
5 For Example, of t| the laſt 1 in the Tail of the great 
OO 


Suppoſe its greateſt Altitude to be HC 88 : 54 
Irs leaſt Altitude N C— 
The Difference M N 80 
To the half of rtiis N L — — :; 20 


Add the leaſt Altitude x- — 8: 142 
It makes the Altitude of the Pole ſought Lc 43 ; 34 


PROBLEM VIII. 


— —8 : 14 


From the greateſt amd leaſt Meridian Altitiede of 


the Sun June, to collect the ditance of the Tropicis, 
the 
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the greateſt Obliquity of the E W's and the great” 


eft Declination of the Sun. 
For theſe 3 depend mutually on one another, and 


may be found in this manner. 


From the * Meridian Altitude of O HA 5 3 
Subtract ihe Leaſt —— — FA 14 : 57 
L leaves the diftance of the T.  Tropicks HE 47 : wn 
The half of this — - =BÞ F 23 : 
Is the greateſt gs of the ird and 5 
* Declination o 

i PROBLEM N. 

1 To obſerve the Declination of the Sur, and ho all 

1 the SHars. 

bl | In the Globe. 


. Bring the place of the Sun, or of any Star to the 
. Meridian, in the degrees of which the Declination 
| of the Sun, or of the Star from the Equator, whe- 
| ther it be South or North, is expoſed to the byes. 
E . In the . 
6 1. Obſerve the Meridian Altitude of the Sun or 
tar. 
| 2. Subtract it from the Altitude of the Equator, 
if it be greater, or this being leſſer, Subtract it from 
that, and you will have the Declinarion ſought. 


Example. 


The Meridian Altitude of the Sun irene 15 
From this Subtract the Altitude of the — : af 
It leaves the Declination of the Sut=———— —o : 47 


Note. 


If any Fixt Star be ſo far North, that it . 
our Zenith by its Meridian Attitude, and ſo cannot | 


be taken from the Meridian, do thus. | 
1. Take 


SS 0 0 0 P -c 


/ 
/ 
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r. Take the Altitude of it from the North. _ 
2. Take away this from a Semicircle, and you will 

have the Meridional Altitude of the Star from the 

Horizon. „ 

35 3. From this Subtract the Altitude of the Equa- 

tor, it leaves the North Declination of that Star, 


Example, Fig. 183. 


Lets find the Northern Altitude C N, of the © , 
Right Shoulder of Cepheus M. — 77 
 Therefire from the Semicircle CM A 180 Or 179 

Tale away th: Altitude North 277 


% % 00 06 os 
4a 
O 


It leaves M A the *!titude South- — ſO A 
From this take away the Altitude of the Equator B A38 28 
It leaves 5B äͤV— 63 : 52 


The Declinat ion of the Star North. 3 


The greateſt Obliquity of the E clptick being giuen 
23* : 31', 70 find the Declinations of each degree of 
the Ecliptick, by Irigonometrical Calculation. 


Fig. 184. In this Scheme d f gh is the Solſtitial Colure, and the 
ſame is the whole Meridian Circle: The Equator e a g, its Pole f; 
da h the Ecliptich; f ob the Circle of Declination, or any Meridian; 
a c an Arch of the Ecliptich, of which point C the Declination c b is 
ſought; and let c be 17% of S, and the Arch a c 47%, 


Make it then. 


As a d the whole Sine Lo d e the Sine of the greateſtobliguity 2 3: 3 1 

1Iooooo. 3 39902. 

So the Sine of a c 4 7<|To b c th: Sine of Declination ſought, „ ; 
73133. | 29182 whoſe Arch is 16 : 58 


NOTE. 


By this Artifice is made the Table of Declination 
of every part of. the Ecliptick, from which, without 
much Labour, the Declination of every degree of the 

| Ecliptick 
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446 Of ASTRONOMY. Book ill. 
Ecliptiek may be had: The Method which is uſed, not 
only in the Table of Declinativi, but in many others, 
"we will briefly ſhew. EEE OS e n 


1. Seek the given Sign, either in the Front or in 
the Foot of the Table; but the degree of the Sign 
in the ſide, either in the left, if you have found 
the Sign in the Front, or to the Right Hand, if in 
the Foot of the Table. | 5 

2. Which being done, the Declination ſought 
will appear in the Angle, which is common to the 
Sign and Degrees given. 5 4 


Of finding the part Proportional. 


If to any degree of the Ecliptick given, there do 
alſo Scruples adhere, as there doth for the moſt 
part, the part Proportional muſt be ſought due to 


the adhering Scruples, in this manner. 


1. Take the difference between the Degree given, 
and the next following, which difference is always 
1“ or 600, to be put in the firſt place in the Rule of 
Proportion. 85 | 
2. Take alſo the difference between the Declina- 

tions of both theſe Degrees found in the Table; 
which difference will obtain the ſecond place in the 
Rule of Proportion. ; | 

3. In the third place put the Scruples adhering 
to the given Degrees, and work after the uſual 
manner. | TY 

4. The Quotient either add to the Declination of 
the whole Degree given, if it increaſe in the follow- 
ing; or Subtract it from the ſame if it decreaſe, and 
you will have the Declination ſought to the given 
5 ä > . 


on 


Example 


Tube Declin. of 12 
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Exampie 1 


The Decliration is bee 
TY 


3% v. 


= 8 is — : 27 
© or 60.46— 19 


Say then 


if so! give 19. ohat gives 15˙2 A 4: 4” 
Therefore ſince ' the following Dęclinat ions increafe 
To the leſſer Declination . 118 

1 add the Proportional part 04:45 
And it mates the Declinat ion e 13: 34 1 1 5 


os 12 


The Declin. of 12 
The Diff. of 1 


Ter the given 1 of N. 


Example II. 


The Declication' is ſought to 15”: 20 of X. 
The Declination of 15% of & is— 5: 56. 
The Declination of 16 of Ni : 52. 
Toe Trey 1 7 1“ or 60 i : 24. 


Say then 


| 17 bo' give 24 what doth 20“ give? Anſiver, 80 
Den becduſe the following Declinations decreaſe A 


Therefore from the Declination of 139 of X 300: 555 
i Subtratt the part P-: 85 | 08 
And there 1 1s A — jc LO rhe N 
This Method of drang the ks + Proportional, is 

to 
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448 Of ASTRONOMY. Booknt, 
to be diligently noted and praQtiſed, ſince in all Ta. 
bles alu, the like Operation is — FOR 


PROBLEM XI 


From the Suns Declination given, to find its trut 
place in the Ecliptick. ARE En 


| If nevertheleſs the patt of the Year be alſo known, 
or in which Signs beyond or on this fide the Cardi- 
nal points the Sun is converſant, ſince before and 


after theſe points the Declinations are equal. 


| 
( 
l 


1. I; the Globe. 3% 


[7 Under the number of the Declination given, place 
of the Ecliptick in the Meridian from the Equator, 
0 towards the North or South, taken on that part, 
in which the Sun is ſuppoſed to be converſant; the 
agreement of which, with the number of Declina- 
tion, will ſhew the true place of the Sun. 


2. By Trigonometrical Calculation, 


Let it bedone in the former Scheme I 84. 


4 de the Sine of the To the Sine of cb the declin. So the whale Sino 
greateſt Declination given, for Exam. of 69: 10 | or Radius d a | 


230: 31. 39902 10742. 


fooooo. , 

To the Sine of the Arch | 4s 0 

ſeugbt c a pre 383 r N. 
25920. which arch intheCanon ofSines is found 159 :37* 

And that you may know whence, and how this : 


Arch found is to be numbred, note what follows. ir 
| 1. g 


4 
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I. If the Sun be converſant in the Spring or Au- 
tumnal Quadrant, then the Arch found ſhews the 


place of the Sun, numbred from the beginning of 


Y or o . 


2. But if ſhe be in the Summer or Winter Qua- 
drant, then the Arch found muſt firſt be raken away 
from 90: And then at laſt indeed ir ſhews the Suns 


place from the next Solſtice, either to the Summer 


or Winter, that is, either from o & or o W; num- 
bred according to the order of the Signs. 


3. From the Table of Declination of the E clipticꝶ. 


The finding of the Suns place is not done by the 
Lateral, but by the Areal entrance in the Table. 


For the Declination given is to be taken from the 
Area of the Table, but the degree of the Ecliptick 
reſponding or anſwering to it, is to be ſought in the 
dide. | 


In this manxer. 


Given, for Example, the Declination of the Sun————5? : 56 
Which being ſought in the Table of the Suns De- 
clnation, or . arts of the Ecliptick, I find to an- 
ſwer it in the left fide 155, either of Y or , and 

in the right fide 15, either of m or X. 


Therefore 15 of the Ecliptick is certain, but 
worch of theſe 4 Signs the Sun poſſeſſes, muſt be ejti- 
med from the Ratio of Time. 


Of finding the part Proportional. 


For if the given Declination of the Sun be not 
mo found in the Area of the Table, the parc 
Proportional is to be ſought again. 
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448 Of AST.RONOMT. Book lll 
to be ili. ently noted and iſed, ſinc II Ta. 
bles aof, the like 0 enten is _ 285 


PROBLEM A. 


From the Suns Declination eien, to ro find its rut 
place in the Echptick. | 


OG, 


i nevertheleſs the patt of the Year be alſo BEAD 
or in which Signs beyond or on this fide the Cardi- 
nal points the Sun is converſant, fince before and 
wand theſe points the Declinations are e 5 


5 Iz the Globe, + 


pond a Loud A. oa 


* 


| Under the number of the Declindticn, given, 1 lac 
the Ecliptick in the Meridian- from the Equator, A 
towards the North or South, taken on that part, 
in which the Sun is ſuppoſed to be converſant; the 6: 
agreement of which, with the number of Dectina- : 
tion, * N the true place of the Sun. 


8 2, By Tri igonometrical Cileulation, 9 / 
Let it be done in the former Schem me 1 84. Fo 


As de the Sine of the 25 the Sineof a the declin. So the whole Sitis 
greateſt Declinat ion given, for Exam. of 5*: 10 oy Radius d a a 


2239 31. 39902 10742. tos. | : 
| To the Sine of the vc e 22 
. 

which archin theCanen ofSines 5s found I go 37 

| And har you may know DER and how this 
Arch found! is to be — note what follows. 1 | 
1. Te 


* 


Ee 
T, 
2 
L 
2 + 


* 
ie 
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x. If the Sun be converſant in the Spring or Au- 
tumnal Quadrant, then the Arch found ſhews the 
place of the Sun, numbred from the beginning of 
4 OrO . pe | | | 


2. But if ſhe be in the Summer or Winter Qua- 
drant, then the Arch found muſt firſt be taken away 
from 90: And then at laſt indeed ir ſhews the Suns 
place from the next Solſtice, either to the Summer 
or Winter, that is, either from o S or o ; num- 
bred according to the order of the Signs. 


3. From the Table of Declination of the E chptick. 


The finding of the Suns place is not done by the 
Lateral, but by the Areal entrance in the Table. 


For the Declination given is to be taken from the 
Area of the Table, but the degree of the Ecliptick 
— or anſwering to it, is to be ſought in the 

ide. 8 


In this manger. 


Given, for Example, the Declination of the Sun ä 
Which being ſought in the Table of the Suns De- 
clination, or of parts of the Ecliptick, I find to an- 


ſtwer it in the left ſide 155, either of Y or &., and 


in the right fide 15, either of M or &. 

Therefore 15* of the Ecliptick is certain, but 
wich of theſe 4 Signs the Sun poſſeſſes, muſt be ejti- 
mated from the Ratio of Time. 

Of finding the part Proportional. 


For if the given Declination of the Sun be not 
B found in the Area of the Table, the part 


Proportional is to be ſought again. 
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450 Of ASTRONOMY. Book IIl 
In this manner. 

Given the Declination of the Sun 6* : 10' 
What degree of the Ecliptick anſwers to this De. 


clinal 20 2 


In the Table I find. 
1. The Declination next greater ———6® :' 19' 
The next leffſer ——— —— : 56 | 


The difference is —————————z which is 


— 


The firſt number in the Rule of Proportion. 
2. The ſecond place obtains 1% or — & 


2. For the third place or number, we muſt ſeck 
the djtierence between the Declination given 6: 10 
And the next leſſer — — E 16 
Which difference is- — 14 


Say then: 


If 23 give 60, what doth 14 give? Anſwer, 
22 | 


Therefore I add this number found to the degree 
of Declination of the Ecliptick, next leffer to our 
given, Which in this place is 152. ſo it will make 
Of the Declination given 6“: 10:0 

The reſponding degree of the Ecliptick 15 : 36 : 12 


But of which Quadrant or Sign this Degree is, 
mult be eitimated from the time, as aforeſaid. 
(And becauſe tee have ſpoken before 75 Lateral 
Emerance in the Table of Declination, and of finding 


the pert Proportional, the ſame alſo muſt be under- 
Food concerning this. Areal entrance; to wit, we 
muft proceed in the like manner alſo in many other 
Fables: Therefore Studying brevity, we ſhal! noi 


add 
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add Examples bereafter, but leave this to the Studi- 
on in Aſtronomy.) 


De PROBLEM MI. 


From the Altitude and Declination of the Sun on 
the Meridian, in a given place, to transfer the ſame 
to any other Hour, before or after the Meridian or 

„Noon lime. 

= After Noon, add. before Noon, ſubtra& to or from 
the place of the Sun, for every Hour 2' : 280, for 
every Minute 2“: 28“, and you will obtain the 
true place of the Sun, very near. 


PROBLEM XII. 


From the Altitude of the Equator given, and from 
the declination of the Sun, or of on ry part of the E- 
cliptick, to produce the Meridian Altitude of the 

ame. 
4 Add the Declination of the parts of the Ecliptick, 
of of the Sun, converſant in them in Northern Signs, 
to the Altitude of the Equator; in Southern Sigus 
ſubtract it, and you will produce the Meridian Al- 
tirudes of all the parts. 
| Example. 

Wheat is the Meridian Altitude of the Sun, if ſhe 

be converſant in 10® of Aries? 


anſwer, Since the declination of this degree is 30%: 58 
Add the Altitude of the Equator ——3? : 28 


And you will have the Meridian Altitude —42 : 26 
feral 7 3 
ding Another Example. 
der- Hwo much is the Meridian Altitude of theSun,beinz in 209 : o' of vp? 
> 00 anſwer, when the Altitude of the Equator is 38: 28 
hr and the Declination of the Degree given— 22:2 
' not Di Subtracted from that, leave. 16: 2s 


2% The Meridian Altitude ſought. 


Gr Problem 
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PROBLEM XIV. 


To find by the Quadrant from Heaven, the diſtance 
of wo Stars in any great Circle, deſcribed from the 
Center of the Earth, or from the Eye of the Spe 
Tor, | 

J. 


1. If both the Stars are in one Vertical Circle, 
obſerve the Altitude of both. _ : 
2. Subtract the leſſer from the greater, the reſi- 
due is the diſtance of thoſe two Stars in degrees of 
a great Circle. A | 


But if they conſiſt not in the ſame Vertical, yet 
are ſo poſited, that by the Superficial Plane of the 
Quadrant you may behold both together. 

1. Apply the Sights of the Quadrant to the fide, 
and by them behold one of the Stars, of which you 


deſire to know the diſtance. E 

2. The Quadrant remaining unmoved, dire the B 
Sights alſo to the other Star; which degree of the 4 
Quadrant then cur, will ſhew you the diſtance of 4 
thoſe two Stars. ” to 


PRO BLE. 


To find the Eaſtern and Weſtern Amplitude of the I E. 
Sun, and of the Stars. | 25 


I. In the Globe. 


Bring the Eaſtern and Weſtern place of the Sun, 
or of any Star, to the Eaſtern or Weſtern Horizon, Ea 
and the Arch of the Horizon intercepted between | Ot 
the riſing or ſetting of the Sun or Star, and the wi 
Equator, will ſhew the Eaſtern or Weſtern Ampli- Sp 
rude, of 

| 2. Under 


n 


— q — p MERA 3-0. =p — - - 
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2. Under Heaven. | 


1. The Sights being fixed to the Quadrant, one 
of the ſides being parallel to the Plain of the Hori- 


. zon, direct it according to the Meridian Line. 


2. Then turn the Sights towards the Sun or the 
Star, riſing or ſetting, until the Sun Beams extend 
through the hole of one of the Sights into the op- 
poſite hole; or the Star be {cen thro both. 

3. The Arch of the Horizon intercepted between 
the Sights and the fide of the Quadrant, Eaſtern or 
Weſtern, will be the Eaſtern or Weſtern Amplitude. 


3. By Trigonometry. 


We mult proceed thus, to wit, there being given 


1. TheElevation of the Equator 238” 2.26 
2. The Declination of the Sun, or of any part of the Eclip- 
tick, or alſo of a Star, which for Example i 17 : 48 


In Fig. 185 A B Cie the Meridian, D E F the 
Equator, G H I the Ecliptick, A E C the Horizon, 
BH L rhe Arch of the Circle of Declination; H the 
degree of the Ecliptick, or any Star given, H L its 
declination; D A or F C the Altitude of the Equa- 
tor, E H the Eafiern Amplitude ſought. 


Let it be made then 


4s F E the Sine of the T5 the Sine HL of the So the Radiuy— 
Elevation of the Equator given declination 17: "ww whole Sine E C 
30569 


389: 28ĩͤüä „„v!1!Ä„ I00000 
- "08206 | 
TE He he Sine ſoughi; whoſe Arch 299 : 26' is the 
45141 Eaſtern Amplitude ſought E H. 


From this Foundation are made, Tables of the 
Eaſtern Amplitude of the parts of the Ecliptick in an 
Oblique Sphear, to ſome one Quadfant of it; from 
which alſo the others are known: But in a Right 
Sphear the Eaſtern Amplitude and the Declination 
of any part of the Ecliptick agree in all things: And 
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454 Of ASTRO NOMY. Book Ill. 
in a Parallel Sphear, an half part of the Ecliptick 
ariſes not, and an half part never ſets. 


PROBLEM XVI. 


To find at any time given, the Azimuth Arch of the 
Horizon, paſſing between the Vertical thro' the Sun, 
or ſome Star, and intercepting either the next Me- 
ridian or the Equator. 


1. In the Globe, being direfed to a time given. 


Let down the Vertical Circle thro? the place of 


the Sun, or the given Star, which immediately 


makes known its diſtance in the Horizon, from the 
Equator or next Meridian. 


2. Under Heaven. 


1. Again apply one fide of the Quadrant to the 
Meridian Line, the other to the Line of Faſt or 
Weſt of the EquinoCtial, diſtant from it by a Qua- 
drant. : = 

2. Direct the Sights towards the Sun or Star; and 
becauſe when the Sun or a Star is elevated above 
the Horizon, neither the Beams of the Sun paſſes 
thro* tae holes of the Sights, neither can a Star be 
ſeen thro' them, therefore to the foremoſt Sight 
affix a Style; but that Sight muſt be ſo directed, 
that either the ſhadow of the erect Style may fall 
upon the Diameter of the Sight, in the obſervation 
of the Sun; or the Star may be ſeen thro? the neer 
hole and the top of the erect Style: For ſo the 
Sight will ſhew the diftance of the Vertical Circle 
drawn thro* the Sun or Star, being numbred from 


the Coaſt, either next to the Eaſt or to the Welt, 


or to the North or to the South. 
„„ 3. Ir1go- 


$ 


if 
ck 


the 


en, 
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3. 1rigonometrically. 
The Method of _— the Suns Anand; is 
thus. ; 
1. If the Sun be in or , and there be given 
_ for Example 
1. The ſecond Hour from Noon, being reſolved 


into degrees of the Equator ———— —3o?* : O 


2. The Altitude of the Sun ——— 34: 9 


3. The Complement of it — 1 


I fay 


As the Sine of the complement TotheSine of degreesofthe Equa. 309:0' 
of the Altitude 35˙:51— $0000 
2757 To the Sine of the Azimuth ſought 
So the whels Sine or Kae. 
LO0000 
To which anſwers, the Arch of the Horizon 37 
And the Compliment of it - 52 * 


50417 


2. If the Sun be in ins Northern ſign, and there 
be given again 
1. The Second Hour after Noon, of Degrees * the 


Equator — 2 
2 The declination of the Sun———— 16 : 21 
—_— ———— 
4. The Altitude f the Sun 48: 52 
. Its Complement ——— — : Cc 
Make it 
ds the Sine complement ) To the Sine of 30® : 0 
of the Altitude 419: 8 $0000 
65781 To the Sine of . Azimuth fought 
So the fine of the com- 72935 | 
— of declination 
95956 
To which — the Arch of the Horixon 452 2 
at the Complement of it— — — 35 | 


If the Sun be in any Southern Sign, and there 


68 4 1. Ihe 


* given 


<2 
4 
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I. The ſecond Hour after Noo „, of degrees of the | 


—_—_ 


CFO Pome 30"... 
2. The Suns declination ———————1T : 29 
3. Its Complement — —————7s : 31 

4. The Suns Altitude — 23: 30 

5. Its Complement = — 6 : 30 


I Say 
As the Sine of 300 of - 4 the Sine of the compl. 789 : 31 


the complement & Equator —o— 97998 
66? ; 3o'——f@ $0900 
91706 To which an- 

To the Azimuth © pers; 2918 

ſought — —— Audi its cm: $ | 

323430 pl. is 57 42 


PROBLEM XVII. 


To ſiad the right Aſcenſions of the Sun, and of 
every continual part of the Lodiack, viz, begun 
from the Vernal or Spring Equinox, 


I. In the Globe. 


For it being accommodated to the Site of a right 
Sphear (or to the Meridian, being uſed inſtead of 
a right Horizon in an Oblique Sphear ) bring the 
end of the given Arch to the Eaſtern Horizon, and 
the point in which the Horizon and the Equator cut 
each other mutually, will ſhew the right Aſcenſion 
of the given Arch. = 


So the Sun being in 40? of II, being conveyed 
to a righc Horizon, the Section of che Horizon and 
of the Equator, will ſhew the right Aſcenſion of 


"> 3.02. 


I Fig. 141 AB C is the Colare of the Solftices, 
AD C the Ecli prick, E D F the Equinotal, wieſe 


Pole 
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Pole is G; the Equinox in D: Let L be the point of 


the Ecliptick, G L K the Circle of Declination, att- 


ing the Office of the Horizon: C F the greateſt Obli- 
quity of the Ecliptick, C G its Complement, D L the 
Arch of the Ecliptick given, D K its right Aſcenſi- 
on ſought. Then 

2. Trigonometrically, from the given. 


1. The greateſt Obliquity of the Ecliptick F — 31 


2. And the Complement of it G — . — : 29 
3. The Arch of the given, which for Example is DL3o : oo 
4. Its Complement L C.— - — 60: oo 


Let it be made. 


As G C the Sine J To the Tangent of L C the com- So G F the Radius 
of the Comple- Q plement of the Arch 600. I00000 
mentof Obliquity 173205 

662 2 92 — ) 


91694 * 
Tothe Tangentof , whaſe Arch is 629: 60 
the Co:mplement & And the Compl. of it 27 : 54is the Aſcenſionſought. 
KF of the Aſcen- | _ 
fron ſought — 
188 906 


ä 

1. In this manner is made the Table of Right Aſ- 
cenſions to the firſt Quadrant of the Ecliptick, vig. 
of the Spring. va 

2. The Aſcenſions of the following Quadrant of 
Summer are had, if you take away the Aſcenſions 
of the firſt Quadrant from the laſt to the firſt, from 
180. | 

2. The Aſcenſions of the other Semicircle are ob- 
tained, if you add 180 to each Aſcenſion of the 
former Semicircle. 

4. From theſe kind of Tables, being made, how 
the Aſcenſions are found out, you may eafily gather 
from what is ſaid before. 

F. If the Right Aſcenſion of any parted Arch be 
ſought, the Labour is doubled; and the 3 

mu 
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muſt be ſought as well at the beginning as at the end 
of the Arch, that being ſubtracted from this, (3600 
bein — 289 if neceſſity require) leaves the Aſcenſi- 
on ſought. 

6. If you are willing to find the Mid Heaven, a 


well in a Right as an Oblique Sphear, ſcek the right | 


Aſcenſion of the Degree of the Ecliptick given, or 
the Degree of the Ecliptick anſwering to che right 
Aſcenſion, and you have your deſire. Poke 


PROBLEM XVII. 
| To find the right Deſcenſion of any Arch of the 


Ecliptich, continual or parted. 

In a right Sphear, the Deſcenſion of any Arch of 
the Ecliptick, is equal to the Aſcenſion of the ſame, 
— 2 this being given, you muſt needs know 
that. 


PROBLEM N. 


To find the Aſcenſſonal Differences between the 
Rrght Aſcenſion and the Oblique. | 


1. In the Globe. 

You will have the Aſcenſional Difference, if you 
firſt ſeek the right Aſcenſion, and after that, the Ob- 
lique; ſubtract the leſſer from the greater, it leaves 
the Aſcenſional Difference. 


2. By Trigonometry, there being given. ; 


1. The Altitude of the Equator, for Example,-—33 : 28 
2, The declination of the given Arch of the Ecliptick. 16 : 55 


Bur the Arch given 47? : or 17 of 8, that is, 
30 of Y and 17 of & added, make 47. 

In Fig. 185 the Altitude of the Equator is CF, 
the Declination HL; the right Aſcenſion of th: 
point H, is KE L, but KE the Oblique Aſcenſion of 


the 


Y 


the 
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the ſame, and E L the Aſcenſional Difference which 


's ſought. 2 
of ther Say therefore 
4s the Tangent To theRad. EF L Sot he Tang. of thedecli.HL169 : 360 
of the 228 100000 J. 30446 
Ae wav 
: 79449 whoſe Arch 229: 32 is the Aſcenſional 

Ta the Sine of Difference ſought. 
the Aſcenſional | | * 
Difference 21 

38322 | | 

By this Art may be made the Table of Aſcenſional 
Differences, to any Elevation of the Pole, or of the 
Equator, and in every degree of the Ecliptick: 
hence the Aſcenſional difference to any degree of 
the Ecliptick, and the declination of it may be drawn 
forth, yet not neglecling the part Proportional, when 
there is need. 


PROBLEM XX. 


To find the Oblique Aſcenſion of an Arch of the 
Echptick groen. N 
3 1. In the Globe. 


By direCting it to the Elevation of the Pole, as 
is laid before, in ſeeking the right Aſcenſion. 
2. From the Aſcenſienal Difference given. 
In Southern Signs, add the Aſcenſional Difference 
to the right Aſcenſion: In Northern, ſubtract the 


ſame from the ſame, and it produces the Oblique 
Aſcenſion. | 


Example. 
The Right Aſcenſion 4 144: 32 
The Aſcenſional Difference is——— 20 : 08 
Which Subtrafted, leaves. 24: 24 


The Obligue Aſcenſion of the given Arch under 
the Elevation of the Pole 48* : 30'. 


3. From 
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3. From the Tables of Oblique A ſcenſions. 
From the Right Aſcenſions given, and from the 
Aſcenſional Differences, are made the Tables of Ob. 
lique Aſcenſions; from which theſe are drawn or 
taken forth, as of Right Aſcenſions; of which we 
have Treated before. 


PROBLEM XXI. 


| To find the Oblique Deſcenſion of an Arch of the 
Echptick groen. . 
TR 1. In the Globe. 


Transfer the end of the given Arch to the Weſtern 
Horizon, under the Elevation of the Pole; and the 
point of Section of the Horizon and the Equator, 
will ſhew what you ſeek. 1 

2. By the Aſcenſional Difference. 

Do the contrary of it, which we have ſaid before, 
in ſeeking the Oblique Aſcenſion; for in Northern 
Signs you mult add; in Southern you mult take away 
the Aſcenſional Difference from the Right Aſcenſion, 
to produce the Oblique Deſcenſion. 7 

2. From the Tables of Oblique Aſcenſions. 

1. Take the Arch oppoſite to the given Arch, 
which is done either by adding a Semicircle or 180? 
to the given Arch, if it be leſs than a Semicircle; 
or by Subtracting, if greater. | 

2. Seek the Oblique Aſcenſion of this oppoſite 
Arch, which will be the deſcenſion of the given Arch, 
yet by taking away a Semicircle, ifthe Aſcenſion be 
greirer than a Semicircle, or by adding one, if it 


ve leſler. Example. 
Under the Elevation of the Pole—» ————48* ; 30 
To ſeel the Oblique Deſcenſion of an Arch of ————143 : 00 
Add a Semicircle—— nn _ —— : oo 
It makes the oppafite Arch — —323 : 00 
Wiſe Oblique Aſcenſion i — 341: 37 
Tube away a Semicircleͤ — —180 : oo 
There is left— — — is: 27 


The Oùlique Deſcenſion of the FT > © AIR 143 2 00 
Another 


Pa 


* E Bs. Bt. & Ao 
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-: -; + Mather Example. -- --; 


Given an Arch of the Ealiptic . ———323 0 
Tabe away a Semicircle .. —.—180: 0 
It makes the oppoſite Arch 143: 6 
Whoſe Oblique Aſcenſion u.. ———129 7 
Add a Semiciyclemmon-—ne wow — 2 — 7 o 
And it produces — 200 2 7 
The Oblique Daſeenſim of the given Arch ————323 : © 
r 


In finding the Oblique Deſcenſion of a parted Arch. 
For Example of the Sign &. 

Seek the Oblique Aſcenſion of its oppoſite Sign m. 

Which will be found 41“: 11. . 

And this is the Deſcenſion of the Sign &. 


PROBLEM XXII. 
To find the Arch of the Ecliptick, which anſicers 


85 to the given Aſcenſion, either Right or Oblique, or 
hat ariſes with the determined point of the Equator, 
above the Horigon. | 

-h, | I. In the Globe. 


b Transfer the end of the given Aſcenſion to the 
e: Horizon, on the Eaſt part. 

; The point of Section of the Horizon and the E- 
cliptick, ſhews the end of the agreeing Arch of the 
Ecliptick, if indeed the given Arch be continual; 


ſponding degree of the Ecliptick, as well in the 
beginning as the end of Aſcenſion; and the Arch 
intercepted between thole Degrecs, is that which is 
lought. 
2. In the Tables, the Method is thus. 


7. Enter the Table, either of Right or Oblique 
Aſcenſions, under the Elevation of your Pole, Area- 


wiſe, and in it ſeek the Aſcenſion given. 1 
r | 2. 11 


- I 
8 . Is — 2 — — 
Wr „ — 
=_ 8 8 E 


_ EI — — 


” 
ws a hr a6 — — : : 
=D 1 8 
— 4 
ve _ 
_—+ 2 r 2 » | . 
- . we 1 8 bo r — * T5 Au ws 7 24 
r n . 


e but if parted, it will be neceſſary to find the re- 


F 
FF 
* 
| 


2. 
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2. If the Sign be found preciſely in the Front of 
the Table, the Left Hand fide will ſhew the degree 
of the Ecliptick coaſcending. oo © 
3. If your Aſcenſion given be not found preciſely, 
you mult ſeek the. part Proportional in this manner. 
Find the Arch or Degree of the Echptick, anſwer: 


ing to the Right Aſcenſion— My" 20 
The next greater will be found 235 44 
But the next leſſer — —234 41 


The difference of which i. — 01: 03 
Or 63, the firſt number of the rule of Proportion. 
\ The difference of the degrees of the Ecliptick of 
theſe Arches obtains the ſecond place, which is al. 
ways 1˙ OF ———- ———————00 :; 60 
In the third place you muſt put the given Arch 2353 : 20 
And the next leſſer found in the Table234, : 41 
The difference, which is @®00 : 39 
| | Hence I ſay: 
If 63' make 60', what makes 39. Anſwer 37: 34” 
Which add to the Arch of Aſceꝝſion of the Eclip- 
tickof the next leſſer to the given, io wit, to 27 of m. 
And it will make the Arch of the Ecliptick27* : 3) 
m. 
4 in what manner the Arch of the Ecliptick is 
found, that anſwers to the right Aſcenſion given; 


in the ſame manner alſo is ſought the Arch or De- 


gree of the Ecliptick, paſſing through the Meridian 
with the given Arch, or with the Degree of the E- 
quator, and occupying the Mid Heaven; ſince as 
aforeſaid, the Right Aſcenſions and Mid Heavens 
differ not. | 


PR O BL E III. 
To find the Arch of the Ecliptick, agreeing to 
the Oblique Deſcenſion given 
1. In the Globe. 


Transfer the end of the continual Deſcenſion to 
the 


"IE oy ˙·¹ hy "a W Ss  * RF «+ 


1 8 — 


—Y FF Y " 


ed 


Ell 


you ſeek. 


partIII. Ch. V. Its uſe in Spherical Problems. 463 


the Weſtern part of the Horizon, and in the Section 
of the Horizon and the Ecliptick you will find wha 


2. From the Tables. 
You may find the Arch of the ſame in this man- 


ner. | 
1. Convert or turn the Oblique Deſcenſion into 


| the oppoſite Aſcenſion, by adding a Semicircle it” 
| the given Deſcenſion be leſs than a Semicircle, but 


by ſubtracting a Semicircle if greater. 
2. By the foreſaid Precept ſeek the Arch of the 
Ecliptick, agreeing to the Aſcenſion of this oppoſite. 
Add again to the Arch found, 180˙t; it ir be 
115 than a Semicircle; ſubtract it it greater: That 
which it produces is the arch of the Ecliptick, agree- 
ing to the Oblique Deſcenſion given. 


Example. 

Given under the Elevation of the Pole 480: 30 
The Oblique Deſcenſion, of parts —————151 : 37 
And the congruent Arch of the Ecliptich is ſought 

Add the Semicircleomm__ -—- ——— 180: 0 
And they make for the oppofite Aſcenſion -— —341 : 27 
To this agrees, of the Ecliptich—=—— 323 : 03 
| Take away a Semicircle t 00 
It leaves the Arch of the Ecliptich=——= 143: 09 
Agreeing to the Deſcenſion given — 151 37 

Another Example. 

Given the Oblique Deſcenſi on —309 : 07 
And the congruent Degree of the Ecliptich is ſought 

Take away a Semicircle——— =—_——-—10 : 0 


And it makes for the oppoſite Afcenſon=—————=1 29 : 07 
Of this the Arch of the Ecliptich i. 143: co 
Add a Semicirele —ͤ— . — 180: oo. 
And it will make the Arch of the Ecliptich—==323 : oo 
Azreeing to the Deſcenſim give. 309: 07 


N OF E 
If the Arch of Deſcenſion given be diſcreet or pair- 
ed, then we muft work with the beginning and the 
end, as hath been ſaid oftentimes. 


— 


Problem 
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PROBLEM XXV. | a 

To find the right Aſcenſion and Deſcenſion of am Cle 
Star, witbout the Ecliptick. 

1. In the Globe. 

1. If the Star, whoſe right Aſcenſion you ſeek 
be there depicted, transfer it either to the right Ho- 
rizon, or to the Meridian of any Oblique Sphere; 
and the degree of the Equator which paſſes the Hori. 
Zon or the Meridian with the Star, is the right Af. 
cenſion of it. 8 

2. But if the Star, whoſe Aſcenſion you ſeek, N 
nor in the Globe, expect or wait while it arrive at 
the Meridian: Then conſider whether in the ſam: 
Moment of time, any of the Stars painted on the 
Globe obtain the Celeſtial Meridian, the which con- 
ſtitute to the Meridian of the Globe. 

The degree of the Equinotial in like manner touch- 
ling the Meridian, will ſhew the right Aſcenſion, at 
well of your Star as of that noted in the Globe. 

3. It no Star be Culminate together, do thus. 

1. Take the Altitude of ſome Star known to you, 
{which will be done more exaf by thoſe that are nigh: 
eſt to the Horizon, than thoſe that have great Meri. 
dian Altitude) obſerving the Coaſt in which that Star 
is ſſtuat F. 

2. Diſpoſe the Globe fo, that that Star in the ſame 
Coaſt, may obtain under the Quadrant of the Vertical 
Circle, the ſame Merndian Altitude alſo in the Globe, 
which it bath in the Heaven. 

2. Then in this poſture, the degree of the Equi no- 
Fial which touches the Meridian, will be alſo the right 
Aſcenſion of thy Star, being inthe Meridian; to which 
alſo the Dejcenſion of the ſame is equal. 

= Another way. 

1. Let there be given, 1. The Suns place at the II. 


Noon, which next preceeds the time of * 0b 
2. The 


2. The right Aſcenſion of this place of the Sun. 
3. Then having ready at hand a long Pendulum 
any Clock that goes truly, ſet exactly to the motion of 
the Sun the ſame day at Noon. 
4. In this, obſerve how many Houts from Noon, 
the Star, whoſe Aſcenſion you ſeek, arrives at the 
Meridian. 95 
5. Convert thoſe Hours into Degrees and Scruples 
of the Equator, (by aſſuming for one Hour 155; for 
1' Fifteen Minutes, Cc.) add them to the right Aſ- 
cenfion of the Sun, and you will have the right Aſ- 
cenſion of the Star which you leek. 


PROBLEM XXVI. 
From the #iven Altitude of the Equator, and 
from the Declination and right Aſcenſion of any 
ter, to find the Aſcenſional difference of it. 


: £4 2 

For Example, of Arcturus; The right Aſcenſion is 209 : '$ 
a : 

30 


The Declination of the ſame - — 21: 


Vnder the Altitude of the Equator — —4 1 

you, Then Say 

1g 6. the Tang. of the Altitude ) To Radius or Sine of 90 

eri. Wt the Equator 41% 30 100009 i 

Yar 88473 | I 7o the Sine of the Aſcenſimal difference 
0 the Tangent of the decli. 44058 


Hon —21 : 18 
38988 | 


ical The Arch of which asd: 9 is the Aſcenſional difference between the 
obe, NN and Oblique 4ſcenfion of the given Star. 


PROBLEM KXXVI. 
To find the Oblique Aſcenſion and Deſcenſio » of 


1. In the Globe. 
The place of the Star given being knoven in the 
on. Plobe, turn the Globe until the Star fall in with 
The“ h | the 
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the Oriental Horizon, if you ſeek the Aſcenſion, 9 
with the Occidental, if you ſeek the Deſcenſion; 
For then the Section of the Horizon and the Equz. 

tor will ſhew the Aſcenſion or Deſcenſion of the Ill 
Star, numbred from the Spring Equinox; and Indee{ J 
Oblique, being poſited under a certain Oblique / 
Sphere. 


2. From the Aſcenſional difference given. e 
| 1. For finding the Oblique Aſcenſion. 8 
In Stars declining towards the North, ſubtraf ; 
the Aſcenſional Difference from the right Aſcenſion . 
of them; but in Stars declining towards the South, i © 
add it to them, and you will produce the Oblique 
Aſcenſion. | 
Example. 
| | 8 
1. Of Arcturus, being Northern; The right Aſcenſion 7s 209 ; 2 
Fubtract the Aſcenſional Difference————— 26: 0 
It leaves the Oblique Aſcenſion at Tubing— 183: 2 
2, Of the Greater Dog, Southern, the right Aſcenſion is 97: o/ 
Add the Aſcenſional Difference 19: 10% 8 
It makes the Oblique Acenſion in the Latit. of Tubingr1s : , ;/ 
: = = TS 60 
2. For finding the Oblique Deſcenſion. $; 
Act contrariwiſe, viz. To the right Aſcenſion 0 
Northern Stars add the Aſcenſional Difference: 
From the right Aſcenſion of Southern Stars ſubtrad 
it, and you will have the Oblique Delcenhon. 
Example. 
. \ @ ar 
1. Of Arcturus, to the right Aſcenſion : 2 
Ald the Aſcenſunal Difference — _ 2 : 0 A 
Jt mabes the Oblique Deſcenſion mmm — 235 } 
2. Of the Dog Star, from the right Aſcenſion ——— 97 ſl 5 
Take away the Aſcenſioral Differenc. = —19 . 4 2 


I leaves the Oolique Deſce nin Y 77 
. Probl 


* 


5 
4 
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PROBLEM XXVII. 


3 * n a 4 — 


Jo compute the Longitide of any Star from the 9 
Vernal Equinox, and the Latitude from the Eclip- + 


tith. 1 
i. In the Globe. | 3 

Let fall the Circle of Latitude by the given Star, 
even to the Ecliptick, from the North Pole if the 
Star be Northern, but from the South Pole if it be 
Southern: This Circle of Latitude will determine 
the Longitude of the Star in the Ecliptick; but by 
the Arch intercepted between the Star and the E- 
cliptick, the Latitude of it is determined. 


LG 4 
A Dent & > SR - A 4 
2 Wine En ee TY Shy 


2. By Trigonometry, fron having given. 


1. The greateſt Obliquity of the Ecliptick. 
2. The Declination of the Star. 
3. The right Afcenſron of the ſame. 


In Fig. 140 the Meridian is a be k, the Equitor 
gl f, its Pole d: The Echpiick a1c, its Pole b; 
the point of the Vernal Equinox l, the Circle of De- 
clination d i e, the Circle of Latitude b i h; the 
Star given i, which for Example 1s the Goat Star. 


IWhoſe Declinaria e i i455 
The right Aſcenſion e! ——72 
The Obliquity of the Ecliptich, or the Anzle at al g 23 
The Angles at h and e being right Augles go 


ve ** oe» „„ 
an 
= 


And we are to feek the Longitude of this Star / Þ, 
and its Latitude þ 1. 

I. Seek the Arch ne, in this manner - nn 
As the 8 ag the Tang, 7 fine of right Afe:nſartg72% : 1. 


| Radius > Obliguity239 : 21" þ 98204 
190000 43516 1 pF: 
Ti the Tag. ef the Arch ne 41428: ich is 228: 38 by 
Hk 2 2: From NAA 
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2. From this is found alſo the Arch 7 x, 
I, iq wit, from f e the Declination of the Star 
North =”: 
Ju take ateaythe Arch found n 22: 30 
There remains | nm —— ————2} : 02 


The Angle/zeis found in this manner. 
As the Sine of the Jo the Sine of the Angle e ln, 239: 31 


ide n e, 220: 30 / 39902 
38268 To the Sign of the Angle Ine 
So the Sine le of 99266 
right Aſcen. 72: 11 
95204 


res Arch is 839 : 4\, that is the Angle Ine. 

From this Angle J z e being given, is alſo g. 
- the Angle þ 7 7, oppolite by the Crols, ro wit, 
equal 1n like manner to 83* 


The Side 2 lis found in this manner. 
As the Sign of the An- J To the Sine of the Side n e 229 ; 30 


ee 1-299 1 38 268 

. 39502 To the Sine of the Side nl. 
So the Sine of the An- 95997 
gle ne 1-90: co N 


100000 | 

Which is faund to be 739 : 3. 
6. From thele ariſes the Latitude of the gr 
+ i, by Saying. 
As the Sign of the NTo the Sine of the Side i n 230 2” 
Angle ih n go? 39126 

1 00000 To the Sine of the Latitude h i 
So the Sign of the 33739 
Angle hni 8394 

99268 : | | * 
Which Latitude is 225: 47 + 217 i 

. Laſtly, from theſe is produced alſo the 

Longitude o the Star, in this manner. 


As th: Fang. th. ee, the Tang. h i of Latit. 220: 4) 


Angle hn i839: 4 looo f 42002 
8223.43 Vhoſe Arch is 20: 56, which being added to 
Toa the Sine of th Ef che Side nl, 739 3355 MARES the Longitude 
fade lin f the given Star h! 70” : 29 

5117 , c 
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PROBLEM XXIX. 


From the rieht Aſcenſion of a Star given, 10 find - 


the Degrees of the Ecliptick, together with the 
Riſing, Setting, and its paſſing through the Mid 


05 Ty 5” a ; , — | N 


Roll down the Star to the right Horizon, either 
Oriental or Occidental, or aHo to the Meridian of 
any Sphere; the Section of the Ecliprick and of the 
Horizon, or of the Meridian, will ſhew the Degree 
of the Ecliptick ſought. 45 


» 4 


2. B y the Tabjes. 


With the right Aſcenſion given of any Star, make 
an Areal entrance in the Table of right Aſcenſions, 
and find the Degree and Sign of the Ecliptick in the 
Side and Front agreeing to the ſame; uſing the part 
Proportional alſo in the Inquiry ot it, when there is 
need, after the manner ſhewn before in Problem the 
22, at Page 461. ; 


PROBLEM XXX. 


From the Oblique Aſcenſion of any Star given, 


to find the Degrees of the Ecliptick, together with 
the Riſing, or alſo Setting. 


1. In the Globe. 


Move forward the Star to the Oblique Horizon, 
either Oriental or Occidental, the Degree will up- 
pear in the Ecliptick, there indeed together with 
the ariſing, but here together with the ſetting. 


Hh 3 | 2. In 


13 4 
1 
. 
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1 the Tables. 


1. For obtaining the Degree of i he E ri. ck, | ith 
Mes a1 rife Ing. 

2 the Oblig de Aſcenſion wen in the Tabk 
of Oblique Aſcenftofs f parts of t Fchptick, Alt 
it will ſhew the Degree * the Ecliptick ariſſng, if 
you work in the ſame manner as before in Pro Jem 
22, uſing alſo the part Proportional, if need be. 


2. But io obtain the Degree of. the E cliptick, 2 
get! her with the Setting. 

Work according to the Method ſhewn i in Trolle 
the 23, at Page 462. | 

1. To wit, þ y taking the obne. Deſcenſio on of the 
given Star. 


For | Example: 


2 Arfturus, tohichr i F 235 
. From this rake away a Semicircle — 180: 00 
” there will be leſt. T0 
3. Of this ſcekthe degree of the Eeliptic 8. . 1 
1 ** 19 together with it, which i 5 
4- That you may have the oppoſite, add—180 : 8 
And you will produce— 265': 
Or of Sagittary ———— r 1 
Setting 7 together with . where the Pale 
7s clevated 48e 30ʃ. | 


6 9 
ED) WS) 
"OP oS 


Another Example. | 
| 0 FM 
7. The Oblique Deſcenſion of the Dog Star 1 —77 : 57 
2. e oppoſrre Degree there being added —— 180: 00 
17—— — — —— — 257 : 57 
3. The degree of the Ecliprick ariſing together — 236 : 44 
4. That you may have the oppoſite, take away 180: © 
And there will be left. — 56 : 44 
Or of &, the Degrees ——_—_——_—_— 26: 44 


vic, by beling away 309 the degrees of Vs ts left 26? :44 
Problem | 


gan „ — % 


n 
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PROBLEM XXX. 


Came nnknown Star being ſeen in Heaven, to 


defign the Site and Place of it in the Globe, Arti. 


ff 1 2 From the right Aſcenſion and Declination of it 
being found. ö 

The Degree of the 11750 Aſcenſion being found, 
number jt in the Equinoctial, in beginning from A- 
5 and the Degree found, adjoin to the Meridian 

ircle. 

2. In the ſame Meridian number alſo the given 
Declination of the Star, in proceeding from the E- 
quinottial, towards the North Pole of the World, 
it the Declination of the Star be North; towards 
the South Pole, if it be South; the term or end of 
this Numerdtion in the ſubjected Globe, will ſhew 


the true place of the Star. 


2. From the Azimuth being known, or the diftance 

of it from ſome” Coaſt, and from the Altitude of the 

ame. 

1. The Globe being accommodated to the Poſiti- 
on of the Heavens, and ſo in it remaining. 

2. Seek the Azimuth obſerved in Re e of 
the Globe, and adjoin to it the Quadrant depending 
from its Vertical point. b 


1 Fog Degrees of this Quadrant ſeek the Alti- 


tude obſerved of the Star, and the Term of this Nu- 
peration will ſhew in the Superficie of the Globe, 
the place of the Scar which you ſeek. 


PROBLEM XXXI. 


Auy Star being given, to know in what time"tis 
Coſmical, that is, ariſing together mith the Sun, 
DE Hh 4 1. In 


< 40 


—— do EA 
* 
* 


Stay the given Star at the Oriental 3 and 


Pa 
ab 
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5 1. In the Globe. 1 


the degree of the Ecliptick ariſing together, ſnen 
what is ſought; if you conſider in what time the 
Sun enters that degree. 
2. From the Tables of Aſcenſion. IN 
. Seek the Right or Oblique Aſceafion of the 


given _—_ | als 
2. By it inquire the degree, together with it ari. 
ſing; in the time which the Sun retains that degree Ml tt 


the Star ariſes Coſmically. © | is 
| The Oblique Aſcenſion of Arcturus is—=———— 18; : 25 


The degree of the Ecliptick rifing with it is 2: 20 
Which the Sun occupies about the 15 of September, th 


then therefore Arcturus riſes Coſmically. 
PROBLEM XXXIII. 
A Stax being given, to know what time "tis Cal 
1. In the Globe. 

Move the Star to the Occidental Horizon, and 
over againſt it confider the Oriental Degree of the N 
Ecliptick,. which when the Sun occupies, the Star 
lets Coſmically. a -: 
T1 - 2. By the Deſcenſion. 

1. Aſſume the Deſcenſion of the given Star, and 
by it the Degree of the Ecliprick, together with it e 
deſcending. __ 8 
2. When the Sun enters the oppoſite Degree of 


mical, that is, ſhe ſets with Sun riſing. 


this, the given Star ſets Cofmically. D 

| me Example. : 20 

-. 3 o : 8 

The Deſcenſſon of Arcturus 1s 235 : 38 
And together with it ſets 1 ——25 : 18 

The oppefite Degree 15 1— — —25 18 2 

3j ͥͤ 1. ny Therefore 


Yews 


Te 
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Therefore this Degree being obtained by the Sun, 
about the 6 day of June, Ar Curus ets Co ofmically. 


PROBLEM XXXIV. 


'A Star bei given, 10 obſerve in what time is 


Acronycal, that is, riſing at Sun ſetting. . 
a 1. In [he Globe. we 


Bring the given Star to the Oriental Horgen and 
tten confider the Degree poſited in the Welt, that 
is it, which when the Sun occupies, the Star ariſes 


Acronical! /y. | 
3 By the Afeenſun 754 


1. Seek the Degree of the Ecliptick, ariſi 15 with 


the Aſcenſion of the Sta. 
2. When the Sun enters into the Yo of 955 


the Star riſes Acronically. 

| t 007 1 Example. | . 117 4881 
De Afcenfon of Ardcturus ir———=z 83 : 20 
The degree of the Ecliptic together ariſing & 2 : 20 
The op 22 71— — — — 2 : 20 
There re in this the Sun being about the 14. of 

March, Arcturus 71/es with Acronical ing. 


PR OBLEM XXXV. 


A Star being given, to know when tis Acront- 


cal, or ſets tagether with Sun ſetting, 
1. In the Globe. | 
Place the Star in the Weſtern Horizon; and the 
Degree of the Ecliptick touching the Weſtern Hori- 
zon in like manner, will ſhew both the place of the 
Sun, and the time in which the Star ſets A: n 
| 2. By the Deſcenſion. 
Seek the Deſcenſion of the given Star, and the de- 
res of the Ecliprick, ſetting VENT. 
n 


— — 
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In the time which the Sun * this Degre 
that Star ſets Acrontcally. 


——- wample. 5 
| The Oblique Deſcenſ on f Arcturus 7s 


—3 5: 3 
The Degree of the Ecliptick together rr D 28: 18 


| Which the Sun enters about the 7 of of of Decer 
„ in which time Arcturus ſets -—_—— with 5 


Sun ſetting. 
"PROBLEM VI. 


To inquire the Heliacal Riſing and 5 "OY of 


Mn au Star. . 
1. Is the. Gliks. _ | 


Place the Star, whoſe Heliacal riſing or ſti 
you defire to know, in the Eaſtern Horizon, if you 
ſeek the riſing; in the Weltern if you ſeek the {tt 
ting; and note the Degree of the Ecliptick, together 
with the riſing or ſetting. c 
2. Aſſume ſo many Degrees in the Vertical Circkæi 
theneath-the Horizon, as the Term of Apparition 0 ? 
that Star requires. ; 
2. Apply the end of Numeration to the Ecliptick i 
Then what Degree of the Ecliptick the Vertical c 

2 


Wr a 
r 


— 


** — I 


- f 0 Me 6 K * N 2 
1 . ; a 5 9 —— — & iu 
# 


Circle ſhews, in that poſition of the Globe; that is 
it which the Sun ought to polieſs, that the given 
Star may at fe or ſet Heliacall. 

. By Irigonometrical Get calation. 


7. For finding the Heliacal Riſing, for Example + 
of Ardurus, Fig. 157. ; 
In this Scheme let there be given. - 

1. The Degree of the Ecliptick D ariſing together with 47 ;; 
* which is 28: 24 of , or of the Ecliptick —- 182“: 244 
The Oblique Aſcenſion of this. —— 183 : 20 A 


2. From which take away a Quadrant 90 : 
There is left the right Aſcenſion of Mid Heaven 93 : 20 

4. To this anſwers the culminate  Ucgree of theEclipt. * 4 
S, 0 


given 
mple 


Arai. 
ö : 24 
3 


* 00 
2 20 
: O4 
Bao 


4 
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0 7 


be of the Ecliptick= . | 93 

5, Which taken from 1 the F co. arilutz, leaves he 7 * 
9 89 72 20 

4 The declination of th the e degree of the Ecliptick culminating 
is Northward — — ; ; 


View 


Which being added t to the Altitude of the Equat. 41 26 
og N the Arch 6 1. — 464 32 
— 1 Gn 


7 Peelinurion Pal been South, then you muſi 
have Subrratte d it from the Altitude of the Equator. 
"Theſe things being thus- had, I ſay. 
4 D G the Sine of To the Radius 9g0® 
the Arch 89? :20, I coco 


99973 
So he Sine of the? To the $192 of the Angle at D 
Arch GH 64: 56 40589 
90582 

I hich Angle is 64˙: 57 

Moreover, becauſe the Term of appearance of Ar- 
cturns, 4 Star of the 1. Magnitude 1s 129. 

Therefore again 1 ſay. _ 

As the Sine of the To the Sine of the Side 129 
Angle 64“: 57 20791 

90588 
yo the whole Sine y Jo the Sine o Jl „ Arch ſought. 

a Radins 90: = | 22951 

1Gοοõꝙο + 3 

Which .Arch is 13* : 16% in numbring from the 
Degrees of the Ecliptick, rogether from the Eaſt, to 
15 From 25 24 of d, that 7s, from the Sun in 

: 40 of: =, Arcturus Tiſes. Helwcally, and iſſues 

= fr om the Sun Beams, that ariſing in the Morning 
it may be ſeen. 
2. For the finding the Heligcal ſetting of the ſame 


Arcturus. 


1. The 1 of che Ecliptick ſorting together f 15 
25 
$i This 
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This is of the Ecliptick——— — 265 : 18 
2. The Oblique Deſcenſion of this —235 : 38 
3. Add a Quadrant - — — — 90: o 
It makes the right Aſcenſion of Mid Heaven 325 : 38 
4 The degree of the Ecliptick, together with the Culminate, 
is 230: 18˙ . . 
Or of the Ecliptick . — 323 : 18 
5. Whence Subtract the ſetting together 263 18 
There is left. — — 38 200 
6. The declination of the degree Culminate i 13: 46 
7. Which, becauſe tis South, muſt be taken from the Alti ſe 
tude of the Equator 41: 30. , 2. 
* And it leaves. ñĩñ5„.6ꝗ79ͥẽn 27:44 W 
1. | — Theſe being given, I ſay. ACE} bt 
Þ As the Sine of Jo the whole Sine gos? 1) 
Þ the Arch 38*: O Io0000 tl 
bm - 8.805 | | d 
So the Sine of the y To the Sign of the Angle ſought N 
Arch ==27 : 44 14874 which is 33*: 1 Ml © 
46535 DI _- F 
„ 1 Again. 
As the Sine of the) To the Sine of the Side 1259 75 
Angle—33* : 17 20791 5 < 


54874 - 
So the whole Sine 9 To the Sine of the Arch ſought 
or Radius 90 : & 8 37889 - 

I 00900 ; i 


Which till be found 22® : T8“, by numbring back Ml / 

' again from 25* : 18 of 7, ſetting together. * 
That is, the Sun being in 3: 2 of 2: Arduru MM " 
in the Evening is involved or hid by its Beams, that 4 
after Sun ſetting, tis not any more ſeen. 


PROBLEM XXXVII. 


To Aud the diſtance of two Meridianc. 1 

There are divers ways, but the moſt uſed and the I 
molt. certain, is that which is ſought from Lunar 

Eclipſes; for Lunar Eclipſes in one and the ſame 5. 

Moment of a Natural Day, abſolutely conſidered, | * 
| are 


the 


rar 
Me 
ed, 
are 
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are beheld by all Men in the ſame quantity, above 


whoſe Horizon the Moon is riſen; altho' that Mo- 
ment of time in anothet place obtains another Nu- 
meration, to wit, greater among the more Eaſtern 
Inhabitants, leſſer among the Weſtern, according to 
the diverſity of Meridians. For Example, the Me- 


 ridian in one place at the Hour 12, will be in ano- 


ther place at 11, before Noon, or 1 after Noon. 

If therefore two Obſervators of Eclipſes in two 
ſeveral places, compare their Obſervations, to wit, 
what Hour of the day, or Moment of Hour, they 
beheld the beginning, the middle or the end of eve- 
ry Eclipſe; from this difference of number of Time, 
the difference of Meridians may be found, if the 
difference of Time be converted into Degrees and 


Minutes of a great Circle, by the Method ſthewhn 


before in the Chronological Part. For Example, 
J 2 1 88. i | | 

An Eclipſe of the Moon, which Prolomy witneſſes 
was ſeen at Arbela of the Aſſyrians, the 5th. Hour 
after Sun ſet, appeared at Carthagena the ſecond 
Hour after Sun 3 The difference therefore of 
Time is 3 Hours, which make 45 Degrees: There- 
fore by ſo many Degrees diftant is the Meridian of 
the Carthagenians, and the Arbelans of Aſſyria: And 
ſince thoſe 2 number leſs from the Meridian, 
which are more Weſt than thoſe more Eaſt, it follows 
= Carthagena zs 45* more Weſt thun Arbela of 

ria. 

From this diverſity of Meridians, it happened that 
the Luſitanians, who Sailed about the whole Orb to- 
wards the Weſt, returning home even as by the Eaſt, 


they numbred the Fourth day of the Week, which the + 
Luſitanians that ſtaid at home, numbred the Fifth. 


For the Meridian of theſe remained in its place; 
but the Meridian of thoſe Sailing in the Ship, from 
whence they numbred the beginning of the Natural 

| Day. 
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Day, they carried about as it were with themſelves 
or rather oftentimes paſſed under one and another 
Meridian: And in it they had the Sun daily arriving 
more ſlower to the Meridian of the Ship, until theſe 
Moments of flowneſs conſtituted an whole day, which 
becauje they could ut number them; as it were they 
loft them. It would happen contrariwiſe to them, 
who ſhould Sail towards the Eaſt, and returm home 
hy the IWeſt ; for by meeting with the Sun by the way, E 

£ 

N 


they would at laſt number one day more than thoſe tg 
which they returned, 


II: 
Theoretical Problems. 
x} The proper motion of the Stars may be found 
bo many ways, to wit, I. Either from beholding of 
them in the Heaven, by the uſe of fit Inftruments. 

#1 2. Or from the Theories of the Heavenly Motions, 

in ſome meaſure made ſubject to our Eyes. 3. Or 

trom perpetual Aſtronomical Tables, accommodated MI = 
to all the Forms of Theories. 4. Or from Yearly MW ” 
Almanacks, ſhewing the Heavenly Motions to each 
day of the whole Year: We with Artifts,- furniſh. 
ed with divers Inſtruments, ſhall uſe the firſt way, 
leaving the laſt to the Writers of Ephemerides, who MW 0 
tor the moſt part premiſe the Method of uſing the « 
tame; concerning the Second and Third we ſhall M ; 
only touch upon ſome few things. 


or fince the Forms of Theories at this time are b 
almoſt to many as there are Artiſts in Aſtronomy, M f 
and although we would chooſe ſome one from the 
many, yet many Tables are required, which neither 1 5 
the Compendium of 4/tronomy will admit, nor the c 
Occupations of rhe Studious, who make haſt to ſu- 
perior Faculties as they call them; that notwith- x 
ſtanding concerning theſe excellent things, (in which 

1 not only the chief Wiſdom of God, bur alto the . 1 
4 mirable 
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mirable Sagacity, which God hath inſtilled into Hu- 
mane Nature, to the finding out of theſe things, 
may be ſeen) they may have ſome, although but a 
Gall Taſt, we ſhall ſhew Examples in the Theory 
of the Sun, to which we ſhall premiſe ſome things 
concerning the Fixed Stars: But concerning the mo- 
tion of the Moon, we ſhall not ſubjoin any but po- 

uiar or common things, to the end that the Wiſ⸗ 
dom of the Studious in this Lanar Aſtronomy be not 
exceeded, as ſometimes tis wont to be done by 
Men and Maid Servants of Husbandmen, being of- 
tentimes exerciſing concerning the Night in the day 
time, and obſerving the motion of the Moon. 


„„ 
0fthe proper motion of the Fixed Stars, &c- 
.:PPROVEEMNE - 


To compute the proper motion of the Fixed Stars 
jo any given time. 


To this two things are neceſſary. 


1. The Epocha or Radix, as well of the time, as 
of the place of the proper motion of the Fixed Stars, 
or the Longitude of them from the beginning of , 
and their Latitude from the Ecliptick. | 

2. The Table of their motion, from which may 
be known how much they are diſtant at all times 


from this Epocha. 
You will find both theſe at the end of this our 


Syrnopfes, in adjoined Tables: And 1. a Catalogue 


of the more Famous Fixed Stars, according to the 
Opinion of Tycho, with their Longitude, reduced 
to the beginning of the Proleptic fulian Period. 

2. A Table of Motion, as well of each as of col- 


leded Years; from whence you may know how the 
Longitude 
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Longitude of any Star contained in our Catalogue 


9 55 to be computed to any given time: It will be 
ſufficient to ſhew by one Example only. 


| Lets ſeek what was the Longitude of Ardturus in 

| _ the compleat Tear of the Chriſtian Epocha=—1650, 

| That you may have the Tear of the Julian ( 
Period, ad — | 4713 


| And they make Nears w——— 66; 
3 hen in our Catalogue of Fixed Stars you will find. 
| 5 Do 7 o „ " 


The Radix of this Star of Arcturus 3: t: 12: 7 
In the following Table you will find | | 


 C 6000| 2 0 70 
| | | bY % : 18: 5 © 
| For the Tears 60/10 : $t 2 0 
| 3 2 33 


The Sum of theſe u 8 : 19 21: 35 


Which was the Longitude of Arcturus, in the Tear 
of the Chriſtian Epocha 1650, compleat. 


NOTE. 


1. If ſome Year be not found in the Table, it muſt 


de gathered by parts. For Example, the Year 56, b 
by 40 and 16. 2 


2. As often as the Sum ariſes beyond a Circle, you 
mult caſt away an whole Circle, that is, 12 Signs (oy 
or 360. | +00 
3. The Latitudes of the Stars, are appointed to acr 
remain the ſame always: Therefore they want not 
Reduction to other Times, but as they are expreſſed 
in the Catalogue, ſo they are wont to be uſed for 
any Time. 
| 4. The præceſſion of the Equinoxes, if you would 
| know it to any time, ſeek the Longitude * — 
right 


III. 
gue 
be 


In 
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bright Star in the Vertex, or top of the Head of Y: 


Whence Tycho numbers the Equinoctial Point; for 
by how much this is diſtant from o V, by ſo much 


b the Preceſſion of the — judged. 
Of the proper Motion of the Sun. 
PROBLEM n. 


Longitude, and of the Apogzon of the Sun, to any 
wen time. LEES: | 

For to do this, we have reduced the. Rudo/phine 
Tables to the beginning of the Julian Period, and 


January, under the Meridian of Tubing. 

Therefore if to, any one, there be offered the time 
numbred from the Chriſtian Epocha, he muſt add 
firſt to this Epocha 4713 Years. 3 

But if the time be given before the Chriſtian Epo- 
cha, that muſt be taken from the Years 4714, that 
the time of the Julian Period may be had, accom- 
„ Oe 

Which being done, enter the Tables of the middle 
or nean Motions of ro ME 

1. Prefix the Epocha of the Julian Period. 

2. Take the Years, Months and Days ot the gi- 
ven time, not current, but compleat; and to them 
(by collecting the parts, if the whole be not extant 
in the Tables) as alſo to the Hours and Minutes, 
aſcribe their motion taken from the Tables. 

3. Notwithſtanding in the Baſſextile Year, you 
mult take rhe day current for the compleat: the Sum 
collected, (caſting away the whole Circles) will 
ſew the equal motion of the Sun to the given time. 


| Example. 
Lets ſeek the middle motion of Longitude and A- 
Fi | Pogron, 


Jo find the mean, middle, or equal Motions of the 


indeed to the Midnight preceeding the Calends of 


; 
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hat — — —— 1 0. 
Which is 'of 2 Julian 1 — - — 
Ending at Midnight of the Calends of ] => Pls 

nuary, of the Tear anteceeding———— 1051 


Mot. Long. © ſoot! of Apag aon O 


„ itte ah Ge Sig. 3 
Radix of Julian Period” 8: 1 59:38 11: 17 339: 6 
| Nears — 6000! 1: 15: 20: 24] 3: 12: 42: 4 
| 3oo| s: 8: 
60 27 2 12 x3 11 1 l 
Mp 15: of. _ E alt 
The gun FS TY 33:30 
9 9240 3 3:3 400 
NOTE. 2 


The Hours and Minutes in computing the mi 
of Apogæon, are negletted, by reaſon of their ſnul 


neſs: 


PROBLEM III. ic 


From the a motion of Long itude and 1 x 
gon of the Sun given, to find 2 Tearly An 
maly of the ſame. 


Sig. „hi 
From the motion of Longitude, for Example, 9 : 20 : 19 The 


Take away the motion of Apogæon 3 =# i 35: A 
It lecues the Anomaly— 6 : 13 : 43 


If the motion o Longitude happen to be the r 
ſer, ſo that the motion of Apogeor cannot be ſubt 
&ted from i it, you muſt add to the motion of Long 
tude, an whole Circle, or 12 Signs. 


PROBLEM IV. 
To delineate the Theory of the Sun: To hk th 


Orbs or Circles are required, 


9 
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See Fig. 189. 1. The Concentricꝶ Circle is ab e 
J deſcribed from the Center of the World, reſem- 
03. ¶ bing the Ecliprick, or way of the Sun, divided into 
51. 4 Cuadrants, by drawing the two Diameters, their 
Extreams ſhewing the 4 Cardinal Points, viz. o Y, 
8, A, W. v.10! bee 1 
2. The. Eccentrick Circle, incompaſſing indeed 
Tei the Center of the World, but having its Center di- 
4 Lerſe from the Center of the Ecliptick, or of the 
„ wond: which is found in this manner. ES 
*3W 7. In the Concentrick Orb or Ecliptick, aſſume 
: 5 a little beyond the beginning of Cancer, the point of 
" "WY 4jezeon g, which at this time is converſant between 
6 and 7 Degrees of S. 1s ; 
2. From this point of Apagæon, through the Center 
of the Ecliptick e, draw the Line of Apogeon, which 
5 3 7. | | 
3. In this Line of Apagæon, from the Center of 
the World towards S, aſſume the Line of Eccen- 
tricity e z, which according to the Opinion of Tycho 
Zrahe, is eſteemed of parts 35 8400, of which the 
Eccentrick Semidiameter is 10000000. | 
4. The Extream of this little Line z, is the Center, 
from which is deſcribed the Eccentrick under the 
Ecliptick, incompaſſing the Center of the World, 
which in our Scheme is 2 7 0 /- This then is the 
Theory of the Sun, by which, and by the Benefit of 
the middle motions of Longitude, of Apagæcn, and 
of the Annual Anomaly; we may find at any time 
given, by the Canon of Sines, the true motion of 
the Sun, and the diſtance of it from the Earth, in 
the following manner. | 


PROBLEM V. 
„ i From the middle motions of the Sun given, to find 


8 the true motions of the ſame by Trigenometry. 
11 1. From 


the mean and true motion of the Sun, will be tht 


tricians; of which this latter z s e, is now to be 
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1. From the point of Apogeon g, number accond· N of 
ing to the order of the Signs, the Annual Aroma), 


to the end of the Year 1650, found before, not ic 
.curately, but only near, which is the Arch gf 
that is, of 6: 13“: 43. 540% 3 


2. Through the end of Numeration, or the point 
b, from the Center e draw the right Line e h, Which 
will be the Line of middle motion of the Sun. 

3. And from the Eccentrick Center 7, draw i] 
parallel to e h, which in the point of InterſeQion 
of the Eccentrick s, will ſhew the place of the Sun 
in the Eccentrick, and its middle motion under the 
lick in . =_ 

4. Through the point s, even as the Center of the 
Sun, from the Center of the World e, draw the 
right Line e s p, which will be the Line of true mo 
tion of the Sun, ſhewing its true place under the 
Ecliptick in p. a 
5. Then the Proftaphereſis, or the difference of 


1 


Arch p h, or the Angle p e h, equal to which, are 
the Angles ps &, and i e, as is known to Geome 


found, from ſome things given and known, in thi 
Rane. - a 

In Triangles, by Proſtaphæreſis, ie are know 
I His. 

1. The ſide is the Semidiameter, „f Eccentrical parts 165000 : o 

2, The Eccentrical Side of the ſame parts - ——=3 584: 0 

3. The Sum of theſe Sides. - 203584: 0 

4. The. difference of the ſame ———— 6416 :0 

5. The Angle eis equal to the Angle fe h, which is the exceſs 1 
the Annual Anamoly above a Semicircle, to wit, os: 130: 43:5 J 

6. The Sum of th: o her Anzlesies, and is e, which are the co Anr 
plement of it to a Semicircle, or to tν rizh* An 6:16 : 15: 6 7 

7. The half of this Sum, which will be found. 2: 23: 09: b 

8. The Tangent of thi half whi.h may be cn» eat 920403 0 PTE 
from the Tables of Sines, if ou want the Cangents $ 3 1 


Havin 


cord-M of Proportion. 


ot ac WW As the Sum of the Sides q To the difference of them 
2b 103584: OO e eee 
So the Tangent of half, To the Tangent 
830495 : 86 772941: 87 
17 5707 _ 
But the Arch of this Tangent IS——2:22: 37:41 
Towbhich the aforeſaid half being added?2 : 23:08:03 
It makes the Angle i es. —5 1545744 
And Subtracted from the ſame ha,?) 
2: 235: 8: 3 leaves the Angle Si 5 e * 


Which is the Proftapherefrs ſought. 
Then 1% 


my 
di 


Signs“ 
To the mean Anomaly —— — 5:13:43: 54 
Add this Angle - — Cc 
It makes the true Anomaly — —— 6 : 14.:14.:16 
Add the Motion of Apogæon —— 3 : £6: 35 : 30 
It produces the true place of the Sung: 20:49: 45 


Briefer thus: 


* Jo the middle motion of Longitude 92011924 
Add the Proftaphereſis — 30122 
0: produces the true place —9 20:49:46 


4:0 Ie muſt note at the Sign + 


ol | a ; : 
% This Proſtaphæreſis is not always added to the 
e Annual Anomaly, or to the middle motion af Lon- 


J gitude, but then only when the Line of true motion 
„ breceeds the Line of mean Motion: Or when the 
13 Fi 2 mean 
av! £ 
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kl Having theſe things, 1 | lay by the Golden Rule 


ww: 
1.25585 
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then the Proſtaphæreſis is not to be added, but to 


mean Annual Anomaly is greater than a Semicircle 
as in our Example: But when the Line of middle 
Motion preceeds or ſurmounts the Line of true Mg, 
tion, and this Line of true Motion follows the Line 
of middle Motion, according to the order of the 
Signs, which happens in the former Semicircle, in 
which the Annual Anomaly is leſs than a Semicircle, 


be taken away from the mean Annval Anomaly, or 
from the mean motion of Longitude, that the true 
Motion may be produced. ET 5 | 
By his Artifice are made the Tables of Proſtc 
reſis from which, (ſuppoſing you uſe the part 

roportional } you may pick out the Proſtapherejs 


to each Degree or Scruple of the mean Anomaly: 


Which Tables of Proſtapherefis, although they ar: . 
not perpetual, yet their Uſe continues a long time,“. 
until there be diſcovered ſome mutation in the Ec. 
centricity, or from other Celeſtial Cauſes, which, Jul 
by reaſon of the extream ſlowneſs of this Mutation, 


cannot be made but after ſome Ages: The Table of K 
this kind of Proftapherefis you may ſee at the latte I © 
end hereof. = * 


PROBLEM VI. 
To find the diſtance of the Sun from the Center 


the Earth, to any given time, according to ibis Theory, 
The diſtance of rhe Sun from the Earth to a pro- 


poſed time, is in the aforeſaid Theory of the Sun, I 791 


in the Angle vf e, the Side s e, which you may find, I tte 


if you ſay. it! 
As the Sine of the Angle Vo the Side is the Eccentric Semidiamete! a 
1e % 14%: 1417 | roo000. 00 Ian 
24595. 12 A Tothe Side s e fought _ nur 
So the Sign of the Angle . 96 516. 87 

„ : N - f 


23738. 44 
8 That 
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That 1s, of parts of tohich the Eccentric Semidiame- 
wr is aſſumed 100200. co ' 
Which Eccentric Semidiameter, I ſhall now make 
ff Semidiameters of the Earth, according ro the O- : 
pinion of Tycho, 1166: It will be eafie to apply this 
diſtance to the Semidiameters of the Earth, in this 
anner. | 5 
- the Sine of the Angle To the Sides e, which is according to Tycho 
TE WE 225+ 40 '* 1165 
24595. I2 (Jo the Side ſought s e, according to Tycho 
$1 the Sine of the angle 1221 
eis 13% 3 43 2 56 = 
23738. 44 
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To find the time of Equinox, or the Suns Ingreſs | 
RS | | 7 

1. Turn your Year given, into the Year of the + 
Julian Period, by adding Years 471 3 after the Chri- 9 


ſtian Epocha; or by Subtracting the Epocha betere = 
the Chriſtian given back again, from the Years of 4 
the Julian Period 4714. 

2. Conſider. whither the Year be Biſſext:/e or 
Common, and if Common, how far *tis from B/ſſextile. :Þ 

3. Then to this Year. in the Table of Anticipati- i 
on of the Equinox, chooſe a convenient Epochz or 1 
r of Radix, which prefix to your Calculation, with a 
Line drawn under. 1 
pro- 4. To this ſubjoin the Anticipations of the Equi- 
Sun, 10x to each current Year given, being taken from 
find, the Table, which collect into one Sum, and Subtract 

it from the prefixt Epocha : The remainder will ſhew 
the day of the Equinox, together with the Hours 
and Minutes in which the Sun enters into 2 Y, by 
numbring from the Calends of Zaruary. 

Example IJ. 

The time of the Equinox is fought 10 the Tear of 

[hat 114 Chriſtian 
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Chriſtian Epocha Biſſextile — — 15652 
The Tears of the Julian Period being added—411 
Makes the Near of the Julian Period — 5353 
To which agrees the Epocha- —636; 


RS. 7 


Biſſextile Compleat 118 : 13: $9 : 15 
And they anticipate the Equinox 3 — 
"1 5 0 45 oe 0 
; 300 2 3 8 1 
Tears 60 1 3 0 
| g | — 


5 15 
De Sum of theſe 49 : 17 3 26 15 
beingſubtractedfromt heſuperiorleauves68 3: 20: 33 3: © 


Therefore the Equinox happens in the Year 1652 
from the Calends of Fanuary, 69 Days Current, 


that is March 9, the Hours being numbred from 


Midnight 20, or 8 Afternoon, and 33 _ 
PROBLEM vi. 


Groen the Ingreſs of the Sun into o Y, To find 
the time of the Suns Ingreſs into the other Signs. 


- To the time of the Ingreſs of the Sun into o , 


from Midnight Current, add from the Table of li. 


greſs of che Sun in the other Signs, the Days, Hours 
and Minutes aſcribed to each Sign; and you wil 


produce the Current day from Midnight, together 
with the Hours and Minutes, in which the Sun er- 
ters the given Sign. . 4 
%) So 

In the Tear 1652 © enters o Y, the current dq 


from the Calends of January 69D- : 2H. : 33 *: © 


When doth ſhe enter © r © 
Anſwer, add from the Table276 : 5 : 40: 37 
They mate rz 3 


That is, © enters © w, 346 days from the Ca- 
lends of Faruary, that is, December the 11 - = 
£2 1 econ 


4 
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ſecond Hour, and I3 Minutes and 37 | aftey Mid- 
night. | 

| III. 


Of the proper Motion of the Moon. 
; PROBLEM DC 


To judge from beholding the Moon, whether it be 
New or Full Moon, or in what Quarter... 

1. If the Light of the Moon be not deformed by 
any Gap or Bunch, but that the Superficie ſhews 
perfect Circular as to Sight, and ſhe ſhine all Night 
with her whole Orb, tis ſaid to be Full Moon. 
2. If ſhe ſhine with an halt Body, as if cut in the 
middle, ſhe is poſited in a Quadrature, of which, in 
the firſt ſhe increaſes, in the other ſhe decreaſes. 

3. If the Moon be hid, and appear not any where 
in the whole Heaven, either 'tis ſaid to be New 
Moon, or nigh to be, or hath been. 


To know whether the Moon increaſes or decreaſes. 


1. Conſider the part of the Moon in which *tis 
deficient, if it looks towards the Eaſt, ſhe increaſes; 


if to the Weſt, ſhe decreaſes. 


2. The Moon being beheld in the Evening of the 
day, increaſes; being ſeen in the Morning of the 
day, fhe decreaſes. „„ 

3. Country Men ſay, if the fide of the Moon ſ e 
deficient towards the Left Hand, *ris an Argument « £ 
the Moons increafing ; if to the Right Hand, of d- 
creaſing : Hence the little Verle. » 

| Dextera decreſcit, ſed creſcit Luna Siniſtra. 


PROBLEM M6 1 


To know when the Moon Tijes above the Horizor.. 
gr ſets beneath the ſame. - 
1. The Moon being New, ſhe arifes and f2ts wi h 
am EE T2. 

2. At 
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2. At Full, ſhe ariſes at Sun ſetting, and ſets at 
Sun riſing. | 

3. She begins to grow or increaſe, when ſhe ari. 
ſes after Sun riſing, and ſets after Sun ſetting. 

4. Beginning to decreaſe, ſhe riſes a litle after 
Sun ſetting, and ſets before its riſing. | 

5. In the firſt Square increaſing, the riſes 
time, and {ers at Midnight. 

6. In the ſecond Square decreaſing, ſhe riſes at 
Mid-iighc, and ſets at Noon time. | 

tence the other times of riſing may be gathered, 
if you remember that the riſing of the Moon in each 
day is 48, or one Hour, flower or later, leſs by a 
fifth part of an Hour, that is 12 Minutes. 1 


PROBLEM XI. 


at Noon 


To know which part of the Night the Moon ſhines. 
1. The Moon increaſing, in the. firſt place, ſhe 

begins ro ſhine the former part of the Night, alſo 
after the Square, ſhe begins to ſhine the latrer part 
of the Night. | | 

2. Decreafing, firft of all, ſhe leaves off to ſhine 
the fore part of the Night, alſo afterwards, ſhe 
leaves off ſhining the latter part of the Night. 


PROBLEM XIII. 


| To &now the Age of the Moon by the Epatts and 
Golden Number. © | 

How the Golden Number is ſought, and from it, 

the Epacts are found, is [hewn before, and ſhall alſo 
be Taught hereafter in Chronological Problems. 

And that you may acquire the Moons Age. 

I. Write the Epact of the given Year, which for 

Example, tuppoſe 1652, whole Epact i 4 9. 

| 4-10 


BD 2 


er © C 


c 


Jy 


88 
* 


0 
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2. To this ſab _—_ the day of the Month given, 
for Example, July the— 205 
3. Add alſo 8 number of the Moths from 


March, being numbred incluſive, viz.— 5. 
4. The Sum IS—— — 4 

5 Hence take away the Epatt—— 29. 
There remains 25. 


To wit, the Age of the Moon a at che given day. 
PROBLEM XIV. 


From the Age of the Moon given, to find by Popu- 
lat Calculation, how long the ſame ſhines every Night. 


EL . Call 


If the Age of the Moon be under 15. 
1. Multiply he Age of the Moon by ——-4, 
The Product divide by . 
The Quotient will ſhew how many Hours and Mi- 
nutes the Moon will thine that Night. 


2 xample. 


How long ſhone the Moon the 2. of Tuly 1652: 7 
The Age of the Mon 15 
The Quadruple of it 
Which divided by 5 makes ——6 4, 


Thar is, 6 Hours and 24 Minutes. 
IL - Cai. 


If the Age of the Moon be above 15. 

1. Double the Exceſs, whereby the Age of the 
Moon exceeds 15. 

2. SubtraCt the Double from the Age of the Moon. 

2. Multiply the remainder by 4. 

4. Divide the Product by 55 peu the Quotient 
ſhews that you ſeek. 


ORs Wings TO a es 


Example. 


RONOMY. Bock Ill. 
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= 


© The 20. of July 1652, the age of the Moon 4.— 23. 
' The exceſs above 1545 —— 


; — e 10. 


1 Ihe double of this—— om ——— 20. 
1 Subtralted from the age 7 the Moon, leaves. 5, 
 Thes refidue multiplye] by 4, i 20. 
Which divided by 5, malt ——4. 
So many Hours the Moon ſhines the 20. of July a,. 
ter Midnight. 


See Fig. 190: Wherein more briefly thus. 

In the ſaid Scheme, ſeek in the ſecond Circle, the 
Age of the Moon at the day given, and you will find 
in the Third Circle the Hours, in the fourth the Mi- 
nutes, in which the Moon will enlighten the Night 
of that day. | | 


PROBLEM XV. 


10 find the mean times of the New Moon, or th 
mean time of the Conjuncłion of the Sun and Moon of 
any given Month. 


For even as the Mtions of the other Planets, are ſome true or in. 
equal, but others are mean, or middle and equal; ſo alſo the Lunar 
Syzgies or Conjundtions are diſtinguiſhed, but chiefly the Conjun&ions 
and Oppoſutions of the Sun and Moon, of which, ſome are mean, others 
are True. l £ ; 
A middle or mean Conjunction, is when the Lines 
of mean Motions of the Sun and the Moon; but 
the True, when the Lines of the true Motions meet 


in the ſame place of the Zodiack. 


So *tis a mean Oppoſition, when the Lines of mean 
Motions of the Sun and the Moon, conſiſt in oppo- 
fire places of the Zodiack : But tis a True Oppolt- 
tion, when the Linesof true Motions, conſiſt in oppo- 
fire places of the Zodiack. FF 


I be ſpace of time in which the Gonjunfions and 
Oppoſitions of the True, may be before or after tbe 


; Means. 


4 


F 
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' Means, extends it ſelf to 12 or 14 Hours: But the 


greateft diſtance of the True and Mean Quadratures' 
may be 18 or 19 Hours, if we follow the Prutenick 
Tables; therefore to collect the mean or middle of 


1. Change your given Year into the Year of the 


Julian Period. | 
2. Enter the Table of Lunations with compleat 
Years, not current; and prefix the Epocha of the 


Julian Period, beginning from Midnight: To it 


ſubjoin the time of New Moon to the given Years 
and Months compleat. 15 
3. The collected Sum take away from the Num- 
ber next greater, found in the Canon of Syzgies. 
That which comes forth, is the mean time of New 
Moon of your propoſed Month. 


I. Example. 


- 


When happened the mean time of New Moon of 
the Month of January, of the Tear 1653, of the Ju- 
lian Period 6366. / | 


From the Table of Lunations or Changes. 


1 % 
I take out the Radix——— 19 jk 


2 a 3. 8 

„ 4 $64 320 

WEE 30016 : 12: 03 : 20 
For the Tears 60] % 1 $$ 
3123 315 : 12 : 46 

The S 69 3 17 3 24 $8 

Wl. Syzgies next greater are 88 : 14 : 12 10 
From which Subduct the Sum 6g : 17 : 21 086 
It leave... = . 20 : 1 :; 04 


The New Moon of January, in the Tear 1553. 
But from the firſt New Moon, groen at the begin- 


ring of the Tear, all the other Ajpetis of the © and 
© 


þ 


1 2 
2 TY &* 


* RR * * 2 . 


3 
\XE 
5 
2 
OY 
= 
38 
1 * 

N 
FEE 
Wo. . 
[1 

57 
we 
3. 
. 

E 4 
E. 
7 * 
* 

[od 
ts 
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. 
5 
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* 


5 
75 
7 
is 
1 
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+I 
4 
[4 , 


e 
e 


. tis; 
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* mey be collefed through the whole Nur, if Jou 


3 , h 2 D. : Ho. 
To the fff New Mon, being 18 
For the Sextile AſpeF Xx 4 
For the firſt Square UU 7 
For the Triangle Aſpet A 9g +: 
For Full Mom P 14 18 
From Full Moon for Triang. A 19 : 18 
For the ſecond Square UU 22 : 03 
For Sextile „ & 24 246 
For the other New M G 29 13 


”, * 0 9. 6 0 I, % Gs 


9% os % „% vo oo % 0s 0 


5 Another Example. 


Seek what day the New Moon happened in Auguſt 1653. 
Of the Julian Period ..— 6366. 


* * : | D. H. M. 8. 
De Radix -19 02 


6000 | OS g 
| zoo | 16 „ 
Tears 60 | 03 


8 5 
Of the ſingle Epa# of July] os 


* 
wu 
O 
2 
0 
\A. 


9% „ 
0 0 
WW ft 
%> 


»W 
w 

*; #® *, 
— 
* 

„% 0+ Og 
— 
pM 

% % 0s 
2 
A 


The Sum is 75 : 

The next greater III. Syzgies s 88 
Hence take the Sum 75 oo 
It leaves the NewMoon of Auguſt 12 
Adama 14 18 
And you'll produce the next full Mon 28 08 


PROBLEM XVL 
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Given ſome New Moon or Full Moon, 
know n hether will be Eclipſed. 


by che foregoing Problem, inquire from the Ta 


L 


is 


1. To the time of New Moon or Full Moon, found 


ble, 
the 


d 


10 
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Moons Latitude. 


1s manifeſt. 


Hours after Noon, and 8 Minutes and 30 Seconds. 


the motion of Anomaly, or of the reaſon of the 

2. From this Anomdly of Latitude, Prolomy hath 
aſligeed the following Eclipſes. 

I. An Eclipſe of the Moon may happen. 

| (Fs Sig. * 0 

2 If the Anomaly Fbe abo : * 48 

about U & "the Latitude, * beneath & : 15 : 12 

M i Wn f above 3 2 
About ane 1 beneath = : 5 : 15 
2. An Eclipſe M the Sun * happen. 


„ 
* * - 2 r <P 2 : r7 
G 2 - 3 . 2 7 7 . 2 
s "ER" 1 ** „ e 4 "<P 
a a4 ren * * * 
* " ds & nav (ol . . 
eee N — 8 Mn.” , 
— n n — ö — 
ns, = e 24 ** * et =. — 
8 
5 


Wr ere 
* o ww * * 8 r by y 4 bo _ 4 * — \ * 
8 1 * 1 — 

— N "Ix + ag * 4 Te . 5 — e 
:: og al 
r 2 * WO xn 


F IftheAnomaly of the F be beneath o 20 2 
About 5 Latitudeof theMoon $ be above 11 « 18 38 


About V In * the middle is | arg | : . 7 * 20 


For your better underſtanding, conſider Fig. 191, 
inwhichCDE is the Zodiack; G KIL the Orbit 
of the Sun, inter ſecting the Lunar way, which G F 

H /hews, in G and I: And G ts the Node aſcend- 
ing, or the Head of the Dragon; I the Node deſcend- 
ing, or the Tail of the Dragon. | 6 
Therefore ſince no Eclipſes of the Lights of the 
Sun and Moon can happen, unleſs theſe Luminaries 
are united or oppoſite, either in theſe Nodes, or 
nigh them; the * of which is, if the Ano- 
maly of Latitude of the Moon, (which Prolomy in- 
deed begins from the North Limit E but we from 
the aſcending Node G) be terminated either in thoſe 
Nodes, or nigh them: The reaſon of the given Rules 


-ÞY 
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| Example 1. 


In the Teart 1652 happened a Full Moon, zhe 14. 
of March Current, 19 Hours from Midnight, or 7 


The 
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The motion of the Sun at this time is 2: 49 215 
The motion of Longitude of —2: 49 : 218 
The Anomaly of E Latitude 5Sig:; 21: 15: 35 a5 
And becauſe it exceeds ——5 : 14:48: o 
Hence I gather, that the Eclipſe of ( will be about &. 
| PP a_RE=*RCTT -- 
' The ſame Tear happened the mean New Moon, the 
29. of March Current, 13 Hours from Midnight, or 


if; 30“: 31“ after Noon. . 
Sig. * R S 

TheSuns motion at that time iso: 17 : 22: 33 he 1 

The Moons Motion————=——O : I7 : 22 : 34 4 


Ihe Anomalyof Latitude 0: 06 : 35: 43 the 
And becauſeè it is beneath o: 20: 40 : oo 
T underftand the Eclipſe of the Sun will be about g. 
There are alſo other ways of knowing Eclipſes 2 
happening at New Moon and Eull Maon, but becauſe 
this of Prolomeys is the moſt {imple and eaſie, we 
have preſcribed it to Learners in this place, which 


-otherways, ſome prefer as more exact. 
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: Chronological Problems. I. 
1 — — — — — 'B 
i Of Aſtronomical Time. - Wo 
. | : al 
From the Suns place known, to find the Dinrnal lo 
and Noclurnal Arches of the Sun, and from theſe, ihe Th 
tength of the Artificial Day and Night. 40 


I. From 
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. 1. From the Globe or Material $ phear. 


1. The Globe or Sphear being elevated ſo much 
35 the Latitude of your Place, or the Altitude of 
| the Pole requires. 

9. 2. The Degree of the Sun being known, the 
Aſcenfion will be known; as alſo the Aſcenſion of 


* 2 r n 8 5 * 
CY en rr © 1 — — — 
n ee & Bs ' { 2 8 r , 
* F ee N 5 ' ; : 


be tte oppoſite Degree. h 

7 2. Subtract that from this, a Circle or 360 be- { 

ing added if need be, and it will leave the Diurnal 5 

Arch ; the Complement of which to a Circle, will A 

be the Nocturnal Arch. 1 

4. Theſe divided by 15, the Times or Degrees of Y 

the Equator, will ſhew in the Quotient, the Quan- # 

tity of the Day or Night numbred in Hours. c 

$ 2. From the Tables of oblique Aſcenſions of your 
1. From theſe, find the Aſcenſion of the Degree 


of the Place, as alſo of the oppoſite Degree. 
2. With thele operate as was ſaid but now, 


= Example I. 
Sought, what is the Length sf the Day, the Sun be- 


ing in o S the 10 of June? 
I: The oppoſite Degree is o Vp, whoſe Aſcenſion is. — 2999: 290. 
The Aſcenſion of o V will be found 60 : 31, 
This taken away from that, will leave————238 : 58, 
For the Diurnal Arch of the Sin fl. N. Sc. 
. Which being changed into Hours and Minutes, is —15 : 55: 52. 


Example II. 


What is the Length of the Day, the Sun being in 
The oppoſite Degree is O S, its Aſcenſion 50 5 310 
Circle being added, they make —— 420 31. : 

42h K k The 
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The Aſcenſion of o VS u. — 29, 


This taken away from that, leaves———12T :; 02, T, 

The Diurnal Arch, which being changed into}. HH. „ 

Haurs and Minutes, is — —4 8: 4: % 1 

3. By the Aſcenſional Difference. W 

ain cara ? 4 

I. The Aſcenſional Difference between the righ 0 
and oblique Aſcenſion of the Sun, in Northe 

Signs, add to 90˙% or a Quadrant of the Equato 3 

In Southern, take it away from the ſame; tha Sta. 


which is produced or left, is the Semi-diurnal Arch mar 
Which being made known, and turned into Hou 
and Minutes, 1hews the Length of the Day. 


Example. 1 To; 

| / 

The Aſcenſional Difference of o 65 a Northern Sign, is 29%: 29. f 

Add a Quadrant = - — 90 ꝗ 00. | 
It makes — — =— 119 : 29, 
The double of this is ———— — 238 : 58, 

| Which makes Heurs 15, Minutes $5, Seconds 52. ] 

2. The Aſcenſional Difference of o W a Southern Sign, is 29® : 29. 5 
Which tahen from 90 - leaves — 60 ; JI, 

The double of which i- 121 2 02, 2. 

Which makes Hours 8, Minutes 4, Seconds 8. + 

[ 
"NOTE It be 
the | 


1. As the Complement of the Diurnal Arch to: 
whole Circle, is the Nocturnal Arch; ſo the Com 
plement of the Length of the Day to 24 Hours, i 
the Length of the next Night. 

2. If the Diurnal Arch, or the Day of any St 
be ſought, or the Time in which tis converſant a 
bove the Horizon. 5 


mide 

2. 
And 
Hou! 


| 0 

1. Aſſume the oblique Deſcenſion of the ſame, for Ex- > 3 1 
ample, of Arcturus, which io 235 38. 7 

a. To this add a Semi- cirele 180. 5 The 
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The Aon mu; 
z. Hence take away the oblique Aſcenſion, which 5 
in Arcturus is — — xa ca 18935 20. 


It leaves the Diurnal Arch of the Star — 232 18. 
Whoſe Complement is the Nocturnal. —— 127 : 42. 


© Ry 
And the length of the Day.. = —— 15: 29 12. 
Of the Nigbt -.- —— 8 30: 48. 


2. Note, By the Aſcenſional Pifference of any 
thal Star, the Diurnal Arch of it is found in the ſame 
Arch manner, as we have ſaid before concerning the Sun. 


PROBLEM Il. 


To find the Hour of Sun Riſing and Setting, the 
Hours being numbred according to our manner 
3 from Noon or Midnight, 


3 I. In the Globe. 


1. Bring the um of the Sun to the given Day, 
under a certain Elevation of the Pole known, toge- 
Itter with the Hour Index to the Meridian. 

oz. M 2. The ſame place of the Sun being turned about 
No the Oriental Horizon, the Hour Index will ſhew * 
with the Globe turning, the Hour of Sun-rifing : 
it being turned to the Occidental Horizon, will ſhew 
the Hour of Sun-ſetring. | 


2. From the Length of the Day groen. 


. 5 the Length of the Day in two in the 
middle. 

2. One half will give the Hour of Sun-ferting : 
And the other half, bur firſt taken away from 1 2 
Hours, or the Complemefit to 12 Hours, will ihew 
the Hour of Sun-rifing : For Example. 


„ | H. 7 
35: Y Tit length of the Day is 1 4. 
Trl The half of it ſhews the Hour of ** ö 


K 2 7 1be 
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Pa 
FP H. | 
The Complement to 12, that i.... 04 02. 
Shews the Hour of Sun-riſing. ES 
PROBLEM III. or 


To learn from the Globe, what Hour of a Solar Dy ': 
"or Night, any Star ariſes and ſets. 
1. Accommodate the place of the Sun of the g. d 
ven Day, together with the Hour Index, to the Me an 
ridian. | Ea 
2. Turn the Globe from hence, until your Stu {r 
firſt come to the Oriental Horizon, and afterwardil C 
to the Occidental allo. 
So the Hour Index will ſhew you there, the Hou Ci 
of the Stars Riſing; bur here, the Hour of its Serting,iſ Ver 


% - 
To find out by the Globe, the Beginning, End, an 

whole Duration of the Morning and Evening Ti. 

light of the Sun. | 

1. The place of the Sun, and the Hour Index be. 
ing brought to the Meridian, and hence, both being 
turned again towards the Faſt, until in the Circle t 
Altitude, or of the Vertical, (which the Globe 
thould be furniſhed with) either the place of the 
Sun beneath the Oriental Horizon, or the oppoſite 
Degree above the Occidental Horizon, acquire 19 
_- Degrees of Altitude, there, Degrees of Depre 
ion. 
2. Either being done, both will be done, and thi 
Hour Index will ſhew the beginning of Morning 
Twylight; the Hour of Sun-rifing ſhews the end o 
the ſame, the time between, ſhews the whole Du 
ration 

3. This whole Duration, add to the Hour of Sun 
ſetting, and it produces the end of Evening Twy 
light, from which ſubtract the Hour of Sun: ſetting 
it produces the whole Duration of Evening Twy 
light, equal to the Duration of Morning Tyne 
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15 From the obſerved Altitude of the Sun in the day, 
or of any Star in the Night time, to find the Hour of 

Dy {be day o, Night from them, by the help of the Globe. 
Bring the place of the Sun which ir obtains that 

xe g. day, together with the Hour Index, to the Meridi- 
> Me. an; from hence, turn the Globe either towards the 
Faſt, or towards the Welt, (according as you ob- 

Stu ferved the Altitude of the Sun or Star, in this or that 
var Coalt) until the Degree of the Sun, or the Center 


of the Star, obtain the ſame Altitude in the Vertical 
Hou Circle of the Globe, which you found in the Hea- 
ven; for then the Hour Index will ihew you the 


ting Te 
Hour, either before or after Noon. 
a ant P R O B * E M VI . | 
F | my h . | 
T ered aScheme or Figure of the Heaven, by help 


x bel Ahe Globe, that is, to divide the Heaven into 12 
bein /e, as it were Manſions or Houfes, that you may 
cle off lor what Sign or what Star may be found in any of 


ol the Houſes, at any given moment of time. 
Fe This may be exactly done by the Tables of Af- 
poſit cenſion; nevertheleſs, though, not ſo truly, it may 
100 allo be done by the Globe. in rhe tollowing manner. 
% Deſcribe a Circle on Paper, divide it through 
the Center into 12 equal parts, which will ſhew the 
d hd 12 Houſes of Heaven; fo, that part that belongs to 
ning the Right Hand, is accounted the Scvench; the up- 
nd d per part the Tenth, the lower part for the Fourth, 
. Du the intermediate parts conſtitute the intermediate 
Houſes. 55 
Sun 2. Direct tne Globe exactly to the Coifts of the 
Tu World, and to the Elevation of your Pole, and to 
tting the given moment of time; to wir, bring the De- 
Tuyfl eree of the Sun of that day, to ihe Meridian, toge- 


ght. ter with the Hour Index, and from hence to rhe gi- 
O1 ä . vo 
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ven point of time, which the Hour Index will ſhey 
; in its little Circle. „ | | 
3. Hence turn your Eyes to the Weſtern Horizon, 
and obſerve the Degree of the Equator there con. 
Ftituted, which is the Oblique Aſcenſion of the 8e. 
venth Houſe, and from it, number towards the up 
per part of the Meridian in the Equator 3&; and 
at the end of Numeration, transfer the Semicircle d 
Poſition, (with which Semicircle the Globe ought 
to be furniſhed) which will ſhew you in the Eclip- 
tick, the Cuſp, or beginning of the Eighth Houſe. 
4. From hence proceed, and number another 30“ in courſe; 
and alſo do the ſame continually, in going forward to a Third, 
Fourth, a Fifth and Sixth, one after another; and as often x; 
you come to 30%, ſo often apply the Circle gf Poſition to the 
ſame, which in the Ecliptick, will ſhew the points or beginning, 
of the Ninth, Tenth, Eleventh, Twelfth, and at laſt in the Eat. 
ern Horizon, the Horizon it ſelf, in the point of Interſection of 
the Ecliptick, will ſhew the Horoſcope or Cuſp of the firſt Houſe, 


5. The Six Houſes exiſting above the Horizon, 
being found in this manner, you will have the 6 
ther Six, under the Earth or Horizon, if you aſhgn 
the oppolite Degrees of the Ecliptick, to the oppo- 
fice Cuips or Points; which if you aſcribe to the 
Lines of Houſes of your Circle, you will have the 
Scheme or Face of the Heaven, to the propoſed mo- 
ment of time: neither doth any thing more remain, 
unleſs, that alſo you would inſcribe the molt noted 
Fixed Stars, and the proper and true Motions of the 
Planets, each to its Houle, to the given Moment of 
time, computed from an Epbemerides. 
PROBLEM VII. 
To make Sun Dials by the aid of the Globo. 
Sun Dials are various, bur the moit common and 
caſie, and of which the reſt for the moſt part re- 
quire the Knowledge, are Horizontal Dials, which 
are made on a Plaue lying parallel to the Horizon; 
and the Vertical, which behold the Meridian direct, 
Or 
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lor inſiſt at Right Angles perpendicularly of the 


Meridian Line; Concerning theſe therefore we ſhall 
only Treat, how they may be made, by help of the 
Celestial bee d e 207 20-2 
I. Of the Horisontal. 

If you would make this , ; | 
1. On an Horizontal Plane, or ſome Paper, de- 


ſcribe Two Lines, cutting each other at right Angles 


through the Center, of which Lines, that which 
tends downwards is the Meridian Line, the other, 
which cuts this croſswiſe at right Angles, from the 
Right Hand to the Left, by its 'Extreams, Eaſt and 
Welt, ſhews the Equinoctial points. 


cle, divide it either really into 360%, or having a 
Semicircle already divided, divide it into like parts, 

(For if a Semicircle be made of any durable mut- 
ter, as Braſs, or Dutch Paper, or Vellum, an] di- 
vided into 180?, you may, by the help of it, in any 
(Circular Line, aſſume what parts you pleaſe, if you 
accommodate that Semicircle fo to your Peripbery, 
that the Diameter anſwers to the Diumeter, and the 
Center to the Center; and to any Degree of it which 


jou defire, impreſs a ſmall mark or point on your Pa- 


per, and afterward, draw from the Center through 
this point, either an apparent or an occult Line, 
which wi/l deſign and cut off alſo, the ſame number of 
parts in your Periphery) 

3- Then in the ſame Circle, the right Line tending down- 
wards, 1s the Line of the Twelfch Hour, or Twelve a Clock; the 
other which cuts this croſswiſe through the Centet at right An- 
gles, ſhews the Sixth Hour before Noon and after Noon, always 


being diſtant by a Quadrant of a Circle, from ihe Line of the 


I 2th. Hour. | 
And the reſt of the Hour Lines are unequally diſtant from the 
12th. Hour, and to one another, whicn may be found in this 
manner. | De 
4 1. Bring under, the Colure of the Fquinoxes 
. Un 


2. From the point of Interſection, deſcribe a Cir- 
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in the Globe, to the Meridian, together with the 
Hour Index. | | 3 5 ; = 8 | 
2. Move forward o V, through which the Co. 


lure of the Equinoxes paſſes, towards the Weſt, 6 


long, until 15% of the Equator, or one Hour in the 

Hour Circle, paſs the Meridian. 
3. Afterwards number from the Meridian, and 
note the Degrees of the Horizon, which the Colure 
of the Equinoxes touches; and the ſame Degrees, 
you muſt alſo number from the Meridian Line in the 
lower part of your Circle, as well towards the Eaſt 
as towards the Weſt, and through the end of Nu. 
merarion, draw a Line from the Center, which will 
indeed towards the Weſt, be the Line of the 11th, 
Hour before Noon, but towards the Eaſt, the Line of 
the firſt Hour after Noon. | 
4. After this, move forward again the ſame o V 159, or the 


Hour Index again to the next Hour, and your Colure will ſhe 


you in the Horizon, the diftance of the Hour, 10 before, and 2 af. 
ter Noon, from the 12th. Hour, or the Meridian Line. 

5. And ſo go on until you come to the Sixth Hour, being go! 
Degrees diſtant from the Meridian Line. 


6. And theſe 6 Hours being found on both ſides, 
the other alſo in the upper Circle may be had: for 
by how much the 7 and 8 before Noon, are diſtant 
trom the Line of the 6 Hour; the 5 and 4 after Noon, 
are ſo much diſtant alſo from the ſame 6 Hour; al- 
ſo the 7 and 8 after Noon, are diſtant the fame alſo, 
as the 5 and 4 before Noon. | 


And more Hours, our Region of Hours admit not, 
becauſe thelongeft day extends not ir ſelf, more than 
fiom 4 in the Morning to 8 in the Evening. 

5. All theſe things being performed, rhe Style or 
Thtead muſt be fixed in the Center, and elevated above 
the Meridian Line, according to the Altitude of the 
Pole ot your place: Then the Sun ſhining, the {ha- 
dow of it will ſhew the Hours, if ſo be the _ r 


C0 


—_ 
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Weſt fide of the Dial be applyed to a Meridian Line, 
drawn on the Plane of the Horizon. L 


NOTE. 


Becauſe the Colure in the Globe, doth not ſo exattly 
termine the Degrees of the Hour diſtances, you may 


conſult the following 


Table 


I Hour Arches, for an Horizontal Dial, confut- 
ted for the Latitude of London, e the Pole 18 
elevated, or whoſe Latitude 15 519: 322 


— 


9 qiſtanc: From this Table the diſtan- 
L - — 9 5 ces of the Hours, and Ha!ves, 
33 [and Quarters of Hours, may be 
BB. 2 * $5 had exactly. 
2 $ ©: 99 il. Of the Vertical Dial, be- 
3 |_8 SI holding the Meridian or South ex- 
11.2 1 11 51 44. For Lattiude 51? 32 
= I 4 33 The Method of making this 
2 17 : $3 Dial, is almoſt the ſame in all 
3 21 - 07 |things with the former, theſe 
10 2 "24 - 19 , os 
| ö 27 37 1. When you move forward 
3 4 31 2 00 the Globe for each Hour, thro” 
2 34 29 152 of the Equitor, we num- 
— — — — ber the removing of the Equi- 
923 38 04 noctial Colure, not in the f- 
| 1 | 1 45 rizon, as before, but in the 
| - | 45 35 Circle of Altitude, conſidered 
10t, | 3 49 5 32 from the Vertical point, to the 
han IP" 53 36 true point of Weſt ; again in 4 
I 3 Retrograde manner, we nun- 
2 62 07 ber the Hours before Noon to- 
2 Of 3 65 : 34 wards the Eaſt, becauſe the 
Ove 5 75 1 5 ſhadowy Body or Style, 31.15. 
the "0 75 5 45 caſts its ſhadow in the ut p- 
I 93 „ 5 the Luminous Body, 
Yr | ; | 3 LY 95 2 13 Oe tile * 
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2. We cannot proceed beyond the Sixth Hour 
before and after Noon, fince this kind of Dial doth 
not contain more than 12 Hours, 6 before Noon 
and 6 after. | 420 

3. The Style muſt be fixed in the Center, and e- 
levated above the Hour Line of 12, ſo much, that 


the Angle at the Center, anſwer not the Elevation of 


the Pole, as before, but the Altitude of the Equa- 
tor; and ſo the Style will ſhew the Hours, if the 
Plane of the Dial directly behold the South, and the 
Line of the 12th. Hour, ſtands perpendicularly on 
the Meridian Line, drawn on the Plane of the Hori- 
Zon.: - - py * 
4. And for the more exact taking the diſtances of 

the Hour Lines, note the following Table. 

/ Arches of Hours, for a Vertical Dial, compu- 
zel for the Latitude of London 51“: 32. 


Hou, &/Half Ho. dit. 0 F . 
„ . „557 
e — 
4 14 27 agg | | 
ro | 2 ig 74 PROBLEM VII. 
C . 
9 3 31 53 - To charge the Civil Hours, cut in two i" 
: 2 [39 o the middle, from Nowh and Midnight, intocm” 
8. | 4 [47 : .08itinual Hows, 7 —— 
4 5620 lf you aſſume the beginning of the day 
3 42 from Noon, the Hours before the follow- 
1 {78 ozſing Noon, add to 12: If from Midnight 
6 go oolyau afſume them, add the Hours after the 


Sty. Heig 38 : 28ifollowing Noons. 
PROBLEM VII. 


Any certain Jewiſh Hour of a day being given, and 
numbred from Sun riſing, how much is it in our e- 
qual Hours, numbred from Noon or Midnight. 

The length of the given diy being forcknown, 
how mugh it is with us, for Example, of 15 Hours 


11 


— 2 —— 2 — 


ad — 


. 
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in the day of the Summer Solſtice; if we ſeek how 
many of our equal Hours, aniwer 5 of the Zewiſh 


unequal ones, when the Proportion is. the ſame of 


the unequal Hours given, to the equal ones ſought, 
as is of 12 unequal Hours of the whole day given, 
to the equal Hours of the ſame day; we muſt ſay 
by the Golden Rule of Proportion. 

Unequal 22 ake equal\W hat make uncqual. 

23 7 16. 5 5 5 

The Operation being made, it produces 6 2, or 
40 the Numeration being made from Sun riſing. 

To this, if you add the Hour of Sun riſing, which 
is the 4th. Hour from Midnight, the fifth Zewiſh 
Hour, will be with us the Tenth, with 40 Minutes. 


PROBLEM IX. 


Given a day of a Jewiſh Month, to now to what 
day of which Julian Month it agrees. p 

This thing is ſlippery and uncertain, as to the Years and Months aſ- 
ſigned in Holy Scripture, as is alſo ſaid before. 


I. Becauſe tis not certainly known what kind of 


Year the Hebrews uſed, before and after the Capti- 


vity of Babylon, even to the ſecond Deſtruction of 
Feruſalem. 95 _ 
2. Bur appointing them to be compoſed of ſome 
Lugar Year, and bound to thoſe, uſed from the 
Times of My/es, and underſtood the fame always 
in Holy Scripture, as ſome will have it; neverthe- 
loſs becauſe allo 'tis uncertain. ON 
3. Whence they drew the beginning of their 


Months? Whether from ſome Calculation of Lungr 


Motion? Or, as the Ancient Hebrews witneſs, from 
the firit appearance of the Moon after New Moon, 
which varies according to the diverſity of Times and 
of places; and ſometimes it ſhewed it felt conſpi- 
cuous the firſt day, ſometimes the ſecond, ſometimes 
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Alſo at laſt on the Third day from its ConjunRion 
with the Sun. And 5 | 
4. Moreover, alſo the reaſon of Intercalation 
which the Lunar Years required, if we believe the 
Jem, they were tyed to no certain Laws, for they 
diid not intercale, only when the defect of the Lunar 
Year from the So/ar, required the intercalation of 
one Month, but alſo, if the Few: Paſſover happen. 
ed when the Fruits were not ripe, or the Trees not 
Budded, or the Bridges being overturned by Floods 
of Water, denied them paſſage to the Feaſt of the 
Paſſover, or the Lambs and Kids for Sacrificing to 
the Feaſt of the Paſſover, were not at their full 


7 as appears from the Rabbins, or Fewiſh 
oCtors. - 

From theſe Cauſes the beginning of the Zewi/ 
Years, and conſequently alſo the days of the reſt of 
the Months, cannot be ſo defined, that there may 
not ariſe a doubt, not only of ſome days, but alto 
by an whole Month, by reaſon of the intercalation 
'uſed or omitted, unleſs ſome manifeſt Character 
from: ſome other place help us, which might lead 
us to; the certain knowledge of the Day or Month 
of the eus. F | 
But if any one ſhould believe all the Years in the Bibles, to 
have been Lunar, and to begin from the firſt New Moon next af. 
ter the Vernal Equinox, and hence would inſtitute, any compa- 
ring of the Fewiſh Day, with the ſame day in the Julian Year, he 
mutt do thus. | | 
5 1. He muſt reduce the ei Year to the Julian 

car. 

2. To this Julian Year, he muſt ſeek the day of 
the Vernal Equinox. 

3. Likewiſe the Julian Month of New and Full 
Moon, in which the Equinox happened. 

4. If the Full Moon of that Month happened be- 
fore the Equinox, the following New Moon, will 
be the New Moon, of the firſt Zew:ſh Month NO : 

| Zut 


— — 


„ „ © . .. evQ 


Gt. A. 


ihe Tear of the Julian Period, and the contrary. - 


part II. Ch. V. Its uſe in I heorerical Problems. 50g 
But if it happened after the Equinox, that Full 
Moon it ſelf will be the Full Moon in Nz/an, and 
the preceeding New Moon, the New Moon in Ni- 


ſan, which if you begin the Mean, the ſpace- of 


two days after New Moon, you will wander not far 
from the Truth: And from the firſt day of the Month 
NMiſan, being given in the Julian Year, tis eaſie to 
get the beginning of the other Months, by Altern 
Addition of 30 and 29 Days. 3 
Example. 
In the Year of Chriſtian Epocha— 3 

Tie ſought how _ days of which Month, was 
the 14 of the Jewiſh Niſan, in which Chriſt Suffered 
for the Salvation of Mankind? Aniwer. 

1. The Equinox in that Tear happened the 22 day 
of March current, 2 Hours after Noon. | 
2. The foregoing New Moon * the 8 dey of 
March, 8 Hours after Noon, and the Full Moon fol- 
lowing was the 23 of March, 2 Hours afier Noon, 
whence truly it may be accounted for the Paſchal 
New Moon, becauſe it fo!lowed Ihe Equinox : Burt 
becauſe in that time it wax the common Opinion of 
all, that the Equinox ſhould full on the 25 of March, 
therefore the Jews, neither would have that New 
Moon for the Index of the Month Niſan, nor this 
Full Moon for the Full Moon of the Paſſover. 

3. But the following New Moon happened the gth. 
of April, 8 Hours before Noon. | | 

4. Which if therefore, April the 9th. the Maon 
was ſuppoſed firſt ſeen, the firſt of Nilan happened 
on the 10 of April, and the 14. of Niſan on the 23 of 
April, which was the Sixth day of the Week, and 
the day of Paſſion of our Suuiour Feſus Chriſt. 


| PROBLEM X. 
Jo change the Tear of Chriſtian Epocha uſed, into 


To 


en Ihe preſent Tear 
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To the Year of the Chriſtian Epocha given, add 


Years 4713, and you will have the Lear of the Zu 


lian Period. 

ok pan A. on 8s am a nh from 1 * 
Or the ian Period, you take away 4713 ou 
will have the Years 'of the Chriſtian footka * 5 
Example. 


7 00, 
How much is it of the Julian Period? A 
Anſwer, add — — 4713. 
And you will produce. —— 6413. 

Again this very Tear, hom much 1s it / 

, the Chriſtian Epocha ? Take uy 4713. 

Jou will find the Tar.. —1 700. 


PROBLEM XL 


From a given Tear, numbred buck agarn from the 
Chriftian Epocha, to know how much it is of the Ju- 


Lan Period, and the contrary. 


Take away the Year. before the Chriſtian Epocha 


. from 4714, it leaves the Year of the Julian 


iod ſought: 

On the — the Year of tho Julian Period, 
being given beneath 47 13, take away from the Years 
4714, and you will have the Year Current before 
the Chriſtian Epocha. 

Example. | | 

The Tear before our Epocht————— 2308. 
 Howmuch is it of the Julian Period: e Anſwer 

From the Tears ——————— — 4714. 

Take awa — — 0614"1 

There are 7 the Tears of the Julian Period 2406, 

Again, this Tear of the Julian Period, how much 


is it before the C briſtion E Epochas Anſiwer. 


From the ar 4714 
Take 44833 2406, 
And. a leaves Tars—.—..— Aces. 


— — — —— no wy 


Problem 


, 
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PROBLEM XII. 


To Fnow the interval or Jpace, beteoeen 1100 Tears 
of the Julian Period groen. 
Sabat the leſſer from the greater, the refidue 
ſhews what you ſeek. | 
Example. 
The Tear of the Julian Period in which Rome was Bil. 3962. 
How much is it diſtant from. the Yea of the ſulian Period 3 203. 


In which the Iſraelites. went forth from Egypt? 
Anſwer, Take this from that, and there is left, Tears 75% 


PROBLEM XII 


To diſcern the Billextile Tear from the Common 


Tears. 
In the Tears of the Julian Period. 


Divide the Years given by 4, Unity in the remain- 
der, denotes the Biſſextile 8 2 the Second, 3 the 
Third, and o or nothing denotes the Fourth tom 
Biſſextile. ; 

In Years of the C. briſtian Epocha. 

Divide the given Years by 4; nothing remaining, 
is a Sign or Token of the Biſſextile Year, if 1 re- 
main, it is the next, 2 the Second, 3 the T hird from 


Bilexrile: 
Eccleſiaſtick Ti ime. 


PRO BL EM xIv. 


To find the Geles of the Sun, of the Moon, and 
of Indiftion. 
I. In Tears of the Julian Period. 

The reſidue Of the Sun. 
The given g 19. 5085 the 40f the Moon. 
divide by 15.5. Cycle. COf Indiction. 
r if o remain, it is a compleat Cycle, and the 

laſt to be had for the Year of the Cycle. 
2. In 
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. In Tears * the Chri mh 3 It 7. 


To the given The Sum 
8 For the Cycle 40 8 i 
- add 4 1 ict 


The PATE is. the Cycle ſought; und 0 remains 
the Cycle 1 is aſſumed whole. | 


: : PROBLEM xV. 


Jha the Cycle of the Sun given, to find the Do- 
minical Letter. 
I. In the Julian Tear this is 4 perpetual Method 
With thenumber of the Cycle of the Sun, enter the 
following Table, in which the firſt or uppermoſt 
Rank or Column, i is the number of the Cycle : The 
Second, of the Dominical Letter: The third, points 
out the 110 of the Week of the Calends of Jani. 


ary. | 
, | 
GF 545 BA @|F|E DC | 
ie 5.16 1 7 [2 CBT $ 

wo 111 [12 113 | T6 [15 lier | 18 | 
5 [4 BIKE z [5Þ&[7 | 
. .. 
119 120 | 21] 22 8 F. 127 28 
E D CB 21 5 = CB A 
14 1.5 I = >: 


The 3 Vears have one 3 Letter, 
the Biſſextile two, of which, the former hath place | 
from the beginning of the Year. to the 25 Of Febru- 
ary, the other, from hence to the end of the Year: 
The reaſon is this, becauſe the Intercalated day, to 
be put in after the 24 of February, acquires not ano- 


* A but chat which the precedent day hatin, N 
it 
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tudes another Letter than the antezedent had. 
I the Gregorian ear: 


| The Ord of the Sun is indeed always the ſame 
ins With the Cycle of the Falian Year, but the Domi- 
cal Letters are neither the ſame, nor do they al- 
le; whence for other Ages, other Tables are to be 
ale, but the following will be in uſe to the Year 
r Chriſtian Epocha 1700. 

A Table of the Solar cle, of the Dominical Fer- 
rr, and the W, cck wu Y the Calends of . 


] 
2 F* 9 
5 A 5 Eb = ER 
* 142 1 = 1 
111 [12 14 5 18 91 
Fei TH 
. 2 2 
19 | 20. — 5 23 1 27 28 
414 Ho * P D 
1 1 WT abu 


PROBLEM XVI. 


rom the C cle of the Sun given, and the Domind 
cal Letter, and a certain day of any Julian 
— to or what day of the Week aria 


3 day . 


„ Io 


Seek the given day in ſome common 
3 Julian or Gregorian, and be- 
ad what Letter it hath aſcribed to it; Or 


= | you have no Almanack at hand, you muſt 
- Ee compute 


it retains ; and hence the following Lords Day ob· 


ways agree unchangeably with the Years of the Cy- 
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compute how many days from the Calends of Jam 
ary, the given day is? the number of which, if yg 


divide by 7, the remainer will ſhew the Letter off 
that day in its Natural Order; for if I be over ani th: 
above, the Letter of that day is A, if 2, *tis B, au ch: 
ſo on. 2. And the Letter of the day being known the 
if you compare it with the Dominical Letter of tai 
Year, you will eaſily come to the knowledge of ui Ta 
"Week day, by going forward or backward. let 
1691; Sit ne, G 
_ .. Chriſt was Born in the Tear of the Julian Period 4707, of whit ol 
the Cycle of the Sun was 3, the Dominical Letter D, the 25 of Decen 
ber, whoſe Letter was B; which alſo may be found, if the 25 of De 
cember, that is, the day from the Calends of January, being 2x; | 
Days,! be divided by 7, the remainer is 2, the Index of the Letter | 
nom from the, Dominical Letter D, you numberif | 

bach again even to B, you will find that the 25 off | 
December in that Tear, was the Sixth day of thalll | 
IWeek. „5 . | * 
ele u | 5 
. REC 7 3 0] 
; 75 the day given, numbred from the Calends of January, add 1M {01 
number of the day of the Week which the Tear begins from this Cycle th. 
Onity being firſt taken away: Divide the Sum by 7, the reſidue wil by 
fhew the Week da. _ - 


"EW 3 Example. . 
The Tear of the Julian Period. 470). ti 


O which the Cycle of the Sun is ——————3. 


It begins from the Week day ——— . 
Take away Unity, aud to the day from 8 

the Calends of January — 359. 
Add 4. that they make days NS 


Problen 


Which divided by 9, leave L. 
To wit, the Week day of Chriſts Nativity. le 
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IA R. OB L EM XVII. 

Groen the Dominica. Letter, likewiſe the Cycle of 
the Hoe: .or 27 Golden Numtex ; 10 find the. Paj- 
hal Term or Eaſter, and f, from it, the Lords Dey of 
the Feaſt, af the 01d Style. 

With the Golden Number, enter the followin 8 
Table, which ſhews the Feaſt of Faſter to any Gol- 
den Number given, with its Letter. 

A Table of the Terms of Eaſter. 


cle Terme "ot Cycle|Tertas ot Cycle Terms 61 
of Q_ _Eafter bf C | Eaſter; lof G Eafterj 
1. Ap. 5. H S. A 787 15. Apr. 1. (z 
2. Mar. 25. G 9. Apr. 7. H 16. Mar. 21. E 
3. Apr. 13. C 10. Mar. 27. B = Apr. 9. A 
4. Apr. 2. Af 11. Apr. 15. Gi 18. |Mar.29.D 
5, Mar. 22. D 12. Apr. 4 19. Apr. 17. B 
6. Apr. 10. BI 13. Mar. 24 f | - | | 
by Mar. 20. 14. Apr. 12. | 7 


The next Lords Day after this Letter aſcribed” to 
the day of the Month, which the Dominical Letter 
foreknown will ſhew, "will be tHe Feaſt of the Paſ- 
{over or Eaſter, in the Old Zuljan Kalendar, unlels 
the Letter of the Term be the ſame. as the Domini- 
cl Letter; for then the Feaſt of Eaſter is referre# 


to the following Lords Day. 
Exumplk. 2 
What dy; is . Eaſter Celebrated'in the Year fc C- 
tian Ep OC — —.— on 1654. 


ane The Cycle of the San Muh Tear is— 11. 
The Dominical Letter 
The Golden Nujnber— —— 
Which ſhews the Feaſt of 1 is March 1 25 ON 
with the Letter G, which next follows the Dominical 
Letter A: I fay therefore the Feaſt of Eaſter was Ce- 

lebrated March the 26th. 
Problem 
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| p R 0 B LE M XVIIL 
From the Goldes Nanber given,” ra 2 4 
Epachs. e * | 
r. In the 1 Tear, by a "perpetual Fethod. 


Enter the following Table, and to the Golden 
Number you will, find 11 = OR . 


» "A i 


——_— 


TG: 


Dold. Numb. I. l H 4. 3 
. Epad⸗ NI Xx I. Here 5 
| Gold. Numb.“ 2) IHE 14 
Epics. 8 25 X11 Nin I Iv 
ta; Numb. . een n 19 
| Epats [ XV II vie [xvIn Nx 5 


8 But f in the Gregorian Tear. 


1 he Method of find ing the Epacts, is the ſame 
by the Golden Number, which in both Years is al. 
wy ays the ſame; but the Tables are-not perpetual, 
and the following will laſt to the Tear of the Chi 
ftian Epocha 1700. _ | 


A Table of 224, in the Gregorian Tear. 


a 001d Numb. I. 77 
Epatts my XI LEY XXIII IF IV JE: xv REA vIt 
Sold. — | 10. | 11] 12. 
FEpacts XVII ex] 5 [XX] II EA 5 
Gold. Numb. ] 15.16. | 17. 18. 
Epacts IK | XVI [XXVIT VIII 1:5: 


PROBLEM XIX. 


Given, either the Golden W or the Old Ju- 


lian Tear, or the Sat of the new Gregorian Tear : 


To ind the Feaſt 


Cal. 77 dar 5. 


Eaſter of the Chriſtians, in both 


1. For 


K Ill Part m Ch. V. * K. uſe i 1 Chronological Probl. 51 I . 


I, For the Feaft of the Julian Tear. 


1. With the Dominical Letter, which is alſo 


ge forcknown, enter the following Table. 

2. In the Column of Golden Numbers, to which 
the Dominical Letter is preſcribed, ſeek the Gol- 
den Number of the Year. 


3, In which rank of Numbers you find a Gol” 
den Number, over againſt it, under the Title of 
Feaſt, you will :find the. Month ou Day of Cele- 
brating Eafter. _ FTP 5 

2. For the Feaft of the Giodtrian Tear. 

The Method is altogether the fame, unleſs that 
inſtead of the Golden Number,. we ule the Epacts 
of the Gregorian Year, under the Dominical Letter 
and Title of Epatts. 7 180 


Po 
A 1 TABLE OF THE FEAST or EASTER: 
Dominic. . Golden | | 
letter Numbers Ep acts So Falls,” = 
12. 4 13-16. [23-21 19-c.-.- [March Ihe... 
7. 10. 15. 18. |18.16.15.13. 12. Apr. 8, 
A. II. 4. 9. 12. [to. 8. 7. 5. Apr. 9. 
2 3. 6. II. 14. 17. 4. 2. I. 29. [Apr. 16. 
7. 8. 9. 27. 26. 24. apr. 23. 
III 2. 5. 13. 16. 23. 21. 19. 19. March 27. 
2 4+ 7. 10. 15. 18.16. 15. 13. 12. Apr. 3. | 
LW B. II. 9. 42. 17. 16. L. 7. 5. 4. Apr. 10. 
— | 3. 6. II. 14. 21. 29. 27. 2. Apr. 17. 
| 18. 19. | 26: 4. [Apr. 24. 
Mar. 28. 


— 2. 5. IO, 13. 16. 23. 21. 19. 18. 
4. 7. 15. 18. 16. 15. 13. 12. fAapr. 4. 

C. 1. 6. 9. 12. 17. 8. 7. 5. 4. C10 Apr. 11. 

4 II. I 4. 19. 2. . 29.27. [Apr. 18. A 


: 26. 24, . 
Ju- 16. r e 
27 | 2, 5. 10. 13. 21. 19. 18. 16. Mar. 29. 
th D. 4. 7. 12. 15. 18. 18. 13. 12. 10. apr. 3. 
i 1. 6. 9. +; Weep 8. 72, 4.2. Apr. 125—¹ x 
For tt: . — 11. 14 19. | 20-227 26. —. . FOOT TO. 
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Letter Numbers 

4 PD Ma SE --: + [rel 24, 
2. 10. 13. 18. 21. 19. 18. 16. 13. March zo. 
E 1. 4.7, . 18.13. 12. 10. 8. [Apr. 6. 
. 6 9. 14. 17. | 7. 5. 4. 2+ I. Apr. 13. 
g . ew i 29. 27. 26. 24. Apr. 20; 
5. 16. _ 6-8 [March 24. 
22. 7. 10. 13. 18.19. 18. 16. 15. March 31, 
C . $0. 8. 7. [APE - 7, 
EL Fo & 3» 6. 9. 14.17. 5. 4. 2. 1. $6 Apr. 14. 
to ee 29. 27. 26. 24. Apr. 21. 
| 5. 13. 16. 23. 21. (133. {March 25. 
2. 7. 10.18. 19. 18. 16. 15. Apr. I. 
Wt 8 : Tt. 4. 9. 12. 15-12: 10. 8. 7. Apr. 8. 
EE 3. C. 14. 17. 5. 4. 2. 1,29. Apr. 15. 
71.18 27. 2%. Apr. 22. 


of 27 ' 1 0 
PROBLEM XX. 
TLC 1 a E: Ft 


Being known, 1. The Dominical Letter, 2. The 
Golden Number. z. The Feaſt of Eaſter. 4. Alſoth 
Nativity of Chriſt, unchangeably fixt tbe 2 5 of De. 
cember - Io deſign thereſt of 3 Feaſts of the whol: 
Tear, and to adorn the whole Calendar, © 


5 % af 
| 23 4 


OY - 


* 6 - . 
* * . Sv» ? 44 : 1 : z a 
©, 


1 


— 


The 4. 3. 2. 1. Lords Days next before the Nx 
tivity of Chriſt, are called Advent. 


5 
vYWW 4 


I 
| | . | 
1. The Lords Day following the ſame, is called 
the Lords Day after"fte Nativity, which is none, 
if the Nativity of Chriſt fall on the Lords Day. 
_ 2. The Lords Days next following the Feaſt o 
_ Eaſter, are denominated from Singings, and old 


| 2 Rites 


are in. cn. v.. of inCronoligicd Pro $1 
ner. | | | 


30, I. Quaſimodogeniti. 3, Jubilate. 
6. 2. Miſericordia. 4. Cantate. 


3.5. The Voice of Mirth, otherwiſe alſo called the 
Lords Day of Rogation, and of the Croſs; of 
4. f 
1. hich Week, the 5th. Week day is Celebrated the 
Feaſt of Chriſts Aſcenſion into Heaven. 0 

6. Exaudi, or hear ye. | | 

7. The Feaſt of Pentecoſt, or the Miſſion of the 
Holy Spirit, commonly called IWhizſontide. 

8. The Lords Days of the Holy Trinity, which 
5. ßollows; the Lords Day after Trinity, I. II. III. 
Iv. and fo on, in numbring, even to the firſt Lords 
Day of Advent. 


9. The following Lords Days, next anteceed the 
ſame Feaſt of Eaſter. | 


1. Palm Sunday. 6. Invocavit, or Quadrage ſima. 
The 2. Judica. 7. Eſto mihi, or Quingquageſuiia. 
the 2. Letare, Or to 8. Sexageſtma. | | | 
De Rejoyce. | 
bole 4. Oculi. 9. Sept ungeftna. 
5. Reminiſcere. | 
HE: -- 


N The 1. day of January is Celebrated the Feaſt of 
| . Circumciſion of Chriſt, and begins the new 
ear. | 
Sometimes the Lords Dav following this day, 

(rejoycing only in the Name) is called the Lords 

Day after the Circumciſion: But it is not, if the Feaſt 

ot Circumciſion fall on the Lords Day, or the ſe- 

cond day of the Week. The Sixth day of Zanuary 
is kept the Feaſt of Epiphany, or the Manifeſtation 
of Chriſt to the Geniiles, every where of Three 

Kings: The Lords Days following this Feaſt are 

14 called 
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calſed the 1. 2. 3. Cc. after Epiphany, to Septuage. 
ima Lords Day, of which ſometimes there ar 
more, ſometimes fewer, according as the Feaſt of 
Eaſter is, ſooner or later. 5 
Therefore the Months of the Julian or Gregorian 
Year being deſigned, with their days, which either 
the Common or the Biſſextile Vear requires, and 
the Feaſts, as well movable as immovable, which 
we have alſo reckoned up before, with their agree. 
ing days aſcribed; alſo the uſual days to the feſt, 
with their Names every where put to them, will de. 


ſcribe an whole Ephemerides or Calendar, or as the 


Arabs call it, an Almanack for the whole Year, 
that is, you will have deſcribed the Number and 
Diſtribution of the Days; to which the more Leam- 
ed, omitting the Vanities of Aſtrologers, may add 
the Celeſtial Motions. | 
Therefore we were willing to adjoin this little 
Compendium of Eccleſiaſtick Computation, as they 


call it, to this Aſtronomick Chronology, that this 


ptofitable and neceſſary Doctrine, (which in old time 
was firſt propoſed to Youths in Schools, and whol- 
ly required by Eccleſiaſtick Perſons) ſhould not al. 
together be e but as it were, by way of re 
covery, be recalled into the Schools, eſpecially in thoſe 
wherein Youth is Educated, for Ecclefiaſtick Affairs: 
For neither is it Laudable, that a Biſhop or Presby- 
ter of a Church ſhould be igncrant of the reaſon of 


_ ordaining the Feaſts, and requeſt this Doctrine from 


Aſtrologers alone; ſome of which defile it with filthy 
fooliſh Trifles. „ 83838 


An 


Pat 
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ge. 1 5 : ELD If 
"ol - An APPENDIX 

ial Concerning 

her | 

and CE | | 

ial} Hiſtorical Chronology. 

rec 

8 TIME is the meaſure or number of Order, and of 

the ſucceſſion of things done: As therefore tis in i 


. MI vain to uſe Abſtract Numbers, unleſs ſomething 
nd MY ſubſiſt which is numbred; ſo the Examination of 
m. Time is barren. and unfruitful, unleſs it be alfo ac- 
44 MW commodared to things done in time. 


Hence deſcends Hiſtorical Chronology, in which 
tle the things themſelves are bound to the times in 
icy which they are done, and the times to the things: 
his MW This many handle largely; we, leaſt we ſhould 
me ſeem to tire our ſelves with only a bare Contempla- 
ol. tion of time, as before, we have recired ſome Epo- 
al- chas, whence times flow, ſo now we {hall brieay 
re- touch upon the whole Head of all Chronology, that 
ole WM Learners may have as it were ſure Forms, to witch 
18: Wl they may refer, whatſoever occurs to them in Read- 
by- Wl ing of Hiſtory. ; 

For the determination of Time, is as it were the 
1 Life of Hiſtories, without which they are more like 
tables than Hiſtories. 

And we ſhall begin from the Fall of our firſt Fa- 
ther Adam, which in Holy Scripture is ſubjoired 
immediately to the Week of the Mundane Creaci- 
on: Whence Moſes ſeems ro have deduced his 
Times; he of all Hiſtorians, whoſe Writings have 

n come to us, is the firſt and the moſt trueſt. * 
| C 
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We uſe commonly the noted Fulian Years, which 
nevertheleſs in the firſt Ages of the World, we be. 
gin not from the Calends of January, but from the 


end of the antecedent Oclober, after the manner then 
in uſe: Therefore follows | 


CHAP. I. 


In which the whole Courſe of all Ages, from the Fal 
of Adam, even to our Tine, is divided inn 
X Intervals or Diſt ances. 


And they are 


3 [Years of | Years of thi 
F. Rom the Fall of Adam, to Diſtance wenge dee 
the General Flood. 16363. 1536 2. 


2. From the Flood, to the firſt 
Promiſe of Chriſt made to A- 1 20233. 
brabam, and the calling of him i | 
into the Land of Canaan. | | 


3. From the calling of Abra- 
ham, to the going forth of the| 429. 24524, 
Iſraelites from Egypt, and the] 1 
Law given by Moſes. | 


4. From this going forth, ro] 
the laying the Foundation of the 459. 
Temple of Feru/alem, Built by 70 
Solomon. 


39311. 


5. From 


the 
tec 


rom 


baſe Born Darius, King of the 
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E From the Fbundation of |Years of years of the 
the Temple, to the firſt Deſtru- Diſtance worldcollected 


ction of the ſame, made by Ne- 
hacbad ge a gar, King of Babylon; 
whence the beginning of the 
Babyloniſb Captivity. 
. From the Babylonich Cap- 
tivity, to the dillolying the 
ame, made by Cyrus, the firſt 
ing of the Per/rans. 

Wn N. B. or note well, 

(Holy Writ attributes 50 years 


% the Babylonick Captivity; | 


but it underſtands the Myſtical 
Tears, proper to the Jubilees 
und Sabbaths, of days 343, of | 


which, the 70 Tears conſtitute 


iny 65 4 of Julian Tears.) 
7. From the diſſolving the 
Captivity, to the Edict of the 


Perfrans, concerning the Reſtau- 
ration of the Temple and City. 

8. From the Edict of Darius, 
to the Pathon of Chriſt. _ 

9. From the Paſſion of Chr it. 
to the end of the Vetus War, 
which happened in the Year of 
the Chriſtian Epocha 71. 

10. From the. beginning of 
the Zew!/h War, to the end of 


the Year of the Chriſtian Epo- 
cg 1952, 


(427 3+ | 4359+ 

65% | 44244. 
| 
| 1 
| | 
| 

118 3. 4543 . 
453 „ 4996 kT 
33 3029 4, | 

1525% $5154 
| 
4 
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CHAP. Il 


The firſt diſtance or interval from the Fall of 
Adam, zo the Flood, diſtribated into ſhorter 


Articles. 
| Ri! ears e of the 
iſtanceworldcollected 
Eth. Adam. 130. | 130. 
Enos. Seth. 1053. | 235. 
Cainan. was Born Enos. = 1 325. 
Mabaleel.in the YearCainan. 0.355. 
Fared. |of the Age Malaleel. |65. | 460. 
Henoch. of Jared. 22. 
Matbuſal| Henoch. 65. 687. 
Lamech. Mathuſalem 187. 874. 
Noab. [Lamech. 182. | 1056, 


In the Year of Noahs Apgeſ599*| 16554. 
an the Flood, during Years ol. | 1. 
| Whence the Sum f Years is 3 
* from the Fall of Adam, 
to o the end * the Flood. id 


CHAP. II. 


E. eplication the II. Of Diſtances from the 81 10 
the calling of ABRAHAM. 


{ hr Interval in like manner is explained by the 

Ages of the Patriarchs in Geneſis, Chap. 11, 
pay Fg 2, wich may be preſented in {7 uch a Scheme 
ar this. 


Arphaxad 


the 
II. 
-me 


xad | 
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Arphaxad was Born in theſYears of Years of the 


. q 4 
6 an from the ending of 11 WE CN | 
Elah. j  |Arphaxad) 35. 1694. 
Eber. K Selah. {1 8 1724. 
Peleg. Born in the Eber. 34. 1758. 
Rev. ear of the Peleg. 30. | 1788. | 
Sarue. Age of Rex. 32. | 1820. 
Nachor. | Sarug. 30. 1850. | | 
Thare. | | Nachor. {20-4 1879. | 
Abraham  |\Thare. | 70. 1949. :| 
And Abraham was called, and | 
received the Promiſe of Chriſt, | 
from his own Country into the 75. | 2024. 
Land of Canaan, in the Year off 
his Age. by. i | 
Hence the Sum is made | 367. | | 


N. B. 


Same appoint Abraham to be Born not in the 70, 
but the 130 Tear of his 8 but fooliſhly; 

or 

I. They cannot affirmit by any Teftimony of Scrip- 
ture, but only they endeavour it, by the ambiguous 
and doubtful Ratiocination taken from the Narration 
of Stephen, Acts 7 and in this manner. 

2. Since from the Age of Abraham, all the follow- 
ing Chronology of the Bible depends, the whole cer- 
tanty of it fails, if we receed from the 70 Nar of 
Thare, in which the Scripture conſents Abraham 
vas Born. 

For of the 130 Tear of Thare, the Scripture nen- 
tons not a word that Abraham ax Born to him. 

3. Which was to him _— of a Miracle, when 
be beard from God, that a Son ſhould be Bora to bim, 

in 


ͤ— 2 — — — 
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in bis Hundred Tears, which admiration would not 
have been raiſed up in him, if he ſhould not habe ; 
been Born of his Father within the Hundred Tears, 


— „ 8 3 


— 


CHAP. Iv. 


Expoſition III. Of the diſtance from the. calling of 
Abraham, zo the going forth of the Iſraelites 9 
Egypt, and the publiſhing the Lao. 


IME beginning and end of this Interval, the Holy 

Scripture it ſelf determines and expreſſes the F 
whole of it, which was 430 Years; to wit, in num 
bring from the Promiſe made to Abrabam in the Y 
Year of his Age 75, even to the Exit, or going y 
forth from Egypr, or a little after the publiſhing of 8 
the Law: For ſo we Read in the Epiſtle of Paul 


to the Galatians, Chap. 3. At length began the Lau, - 
after 430 Tears from the Promiſe made to Abraham. * 
Moſes conſents alſo to this Teſtimony of St. Pay! . 
who writes in Exodus the 12th. The Habitation of, 1 
the Children of Iſtael, in which they remained in „ 
Egypt, was 430 Tears. i 
* which Words, alſo the time of Pilgrimage of 1 
Abraham, Iſaac and Jacob, in the Land of Canaan 
and the bordering places, are comprehended. 5 
1. The Apoſtle Paul is a Witneſs to us beyond 1 
exception, who repeats theſe 430 Years, not from * 
the entrance of the I/rae/ites into Egypt, but from I 
the firſt Promiſe made to Abraham. I 
2. Alſo God himſelf, not only includes the Chil- 
dren of Jacob, or of the 1/7aelites, but alſo the Pi- 
grimage of the Fathers of Abraham and I/aac, about M 
the ſpace of 400 Years. Geneſis 15. 8 
3. So alſo the Authors of the Greet Verſion, in- - 


clude the Pilgrimage of the Abrahamrtes, as well in 
| Canaan 


part Ill. Ch. IV. 4 Chrovological Appendix. $27 
Canaan as in Egypt, in theſe 430 Years. Exodus 12. 
and 4.1. Without doubt from Ancient and ſure Tra- 
dition; ſo that it is unadviſedly done of thoſe who 
Argue thoſe falſe things. 447 

4. To which alſo the Authority of Zoſephus Aſ- 
ſents, who in his Antiquities, Book 2. Chap. 13. 
from the Deſcent of Facob into Egypt, to the Exit 
of the Iſraelites, numbers 215 Years; whence it 
follows, that the remaining 215 Years are attributed 
to the Pilgrimage of Abraham, Iſaac and Jacob in 
the Land of Canaan. . 

5. Which alſo, laſtly the Account of Scripture 
it ſelf makes appear: For Cahat, the Grand father of 
Moſes, who went down with Facob into Egypt, Li- 
ved 123 Years, his Son Amram Died in the. 127th. 
Year of his Age; Moſes the Son of him, was 80 
Years Old when he led out the I/rae/:tes from Egypt. 
Suppoſe now, Cahat in the Deſcent of Facob into 
Egypt, and Amram, to Beget Children in the laſt 
Year of their Age, yet neither will you proceed 
beyond 350 Years, according to this compuration 
of Time, for 133 and 137 and 80 make but 350 
Years; which if now you grant to Cabat ſome Years, 
in which he Lived in Canaan, and if you will take 
away ſome Years from the ſame, Chat and his Son 


Anram, in which, before the end of Life, they Be- 


gat Children, that Sum will become much leſſer; 
whence it clearly appears that the 430 Years aſſign- 
ed in Exodzs the 12th. comprehends alſo the Time 
in which Abraham, Iſaac and Facob, were Pilgrims 
and Sojourners in the Land of Canaan, and therefore 
in Egypt alſo, being forced to change their Habita- 
tions for the cauſe of ſatisfying Hunger. 
All which if weighed in an equal Ballance, no 
Man will gain-ſay with reaſon: Theſe things there- 
fore being preſuppoſed, this diſtance of Time may 
be deduced from Scripture thus. - 
| rom 
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From the calling of Abraham 
to the Birth of I/aac, in the 10 
Lear of Abraham. . 
From the Birth of T/aac, to 
the Birth of Jacob, in the Year 
of Iſaachs Age 60. 
To the Paſt 
Meſopotamia, in the Year of hi 


—_—_ 
> — Henceto the Birth of 7o/eph,| 
in the Year of Bondage of 72 

— 

From hence to the Exaltation 
of Foſeph, in the Lear of his 
Age 30. 3 e of | 
To Facobs going into Egypt, | | 
in the — Tow of che a 215 
= or of the Exaltation of | 
Fofeph 9. Ca | | 
: 1 the Death of Foſeph, in| - 11 
the Year of his Age 110, Year * 209 


162. 2185. 


206. 2229. 


71. | - 
To the Birth of Moſes, Years| 349. 2372. 
62. | | | 
To the exit from Egypt, in 420. , 
the Year of Moſes his Age So. 45 


1 . * 


— es ad 


CHAPY 


Interval the IV. From the Exit or going out of ll 
Egypt, to the Building the Temple of Jeruſa- 
lem, demonſtrated ſrom Scripture. 


A 
11 * 
1 


From 


| "th w 
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Rom the going forth of the Iſraelites out of 
Egypt, to the Building of the Temple of Fe- 

ruſalem, the Holy Scriprure numbers in the whole, 

480 Lears. I. of Kings, Chap. 6. Although ſome 

think 't6 uſe a Limitation to this Sum, in diſtin- 

guiſhing between the beginning and ending of the 
exit from Egypt, which happened many Years after 
it, when all the yaelites had poſſeſſed their Reſt, 
whence they add 100 Years more to the Suth of 

480 Years, relying on the Account of the Book of 

Judges; which times of Bondage and Freedom, of 

Reſt and Troubles; according ro which the Chro- 

nological Account inſtituted, ſeems to number a+ 

att. „ 

; Nevertheleſs, to us, from {> clear Writings of 

Holy Scripture, which numbers 480 Years from the 

exit to the Temple, it ſeems not adviſeable to de- 

part ſo far; therefore we * the Years of Bon- 
dage of the 1 to be included in the Vears, 
in which the Deliverers of the ſame Common Wealth 
had been before: Neither doth it trouble us, that 
the Scripture mentions, that thoſe Vaelites Lived 
quietly under the Judges; for there is a twofold 

eſt or. Quiet, one, wherein I Live in Tranquility, 
free from all Offence; the other, in which, although 
| am affected with divers Injuries, yet thoſe are not 
oppoſed by me, bur in ſuffering all things patiently, 
| enjoy Quiet, ſuch as it is, and ſuch which the / 
raelites are underſtood to enjoy in the Book 6f 7d- 
ee: The Quier to which Troubles are oppoſite, is 
that in which we are defirous to caſt oft the Yoke 
of Bondage; therefore thoſe 480 Years, which the 

Holy Writ numbers from the going our of Egypt, 

o the laying the Foundation of the Temple ot Fe- 


Ld 


ſalem, we explain thus. 


M m 5 7 ; Melee 


$39 


"Ot Go- 


verned in thel 


Deſert com- 


— * of the ; 


People, in the 


Land of Cana-| 


Wh as | 
01 honi E ”& a 
Eliud. 
Debora Barac. 
Gedeon. | 
Abimelech. 

ola. 

go | 
Zeptha. 

ſem. 
Eleon. 
Abdon. 
8 anpſon. 
Eli. 
Samuel. 
Saul 1 King. 
David. 
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To the lay“ 
ing the Foun- 
dation of the 


Temple by 80. 7 


omon. 


For in the beginning of the following Year, from 
the exit 480, in the ſecond Month, the Temple 
began to be Built. 1. Kings, and the 6. 


i] Years of every Tears of ReignſYears of 
ones Reign. collected jworldcollett 
39. 9. 2497 
18 To F — \ 25 10. TY 
393.97. 2549 + 
80. 8 26294, 1 
39 4. 216 . 266 | 
394. 256. | 2708 1. 
; 706 259." 2711 2. 
N 281 2. 2734. 
21 4. 303.2755 * 
* 92 308 3. | 2761. 
27 3916.5 2768 4. 
p62, 326 5. | 2779. 
51:8, 334 2.2787. 
7 401 384 f. 2807. 
39 2. 394. 2846 
206. 420. [28722 
15 2. 435 2 2888. 
2% | 479 29314 
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I, e 
after tie from Egypt — . _ 
2. The Diſtribution made of = . 
Land, Years + Bc. 0 

3. The tinde of the Judges — 77 6. 
| : The Reign of Samuel and Sa’. 40. 
F. Of David N 221 r 
6. Of Solomon, to the laying the? wY 45 


0 undation of the "OH 1 
he m- ©: 0 
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the ſecond Month, in the Fourth Year of We. 
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of Inergal AP V. deducel from the Ii the nur. 
dation of the Temple, zo the Ruin of the ſa ame" 


"HIS Interval or Diſtance iS ſought out Fong 

Holy 775 with much difficulty, which omits 
the leſler Articles of Times; and fince Fathers and 
dons ruled together, or the Fiterregnum happeried 
between the Tears of the Father, and oy the 2h 
or diftixgniſhes not the length. 


| | We procted thus. 
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Collected. 4 — 2 — 


ter the Foun- ones Reign! 
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N 37. 2968 8. 
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Joſaphat, alone 
Foſaphat| 


Reigned: Twen- 


ty five Years,| 
but 3 with his BY 


Father, with 
his Son Foram 


5 therefore a- 
one, and wirh| . 


his F ather. 


Joram reign - 


ed with his 
Father 9 years, 


alone 3 Lears,, 
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GEOGR APH Y. 
The PR E F AC E. 


1. . EOGRAPHY is a Doctrine ſhewing the Res. 
Worth ſon of Diſtinguiſhing, and of Meaſuring th 


2. The Handling of it may be Inſtituted in; 
twofold manner, one of which is Hiſtorical, and the 
T. . CCRT 5 
3. Hiſtorical, purſues liberally all the parts of the 
Earth, and of the Water adjoined to. it, and declare 
wyhatſoever it hath peculiar or worthy of oþſeryation, 
4. Mathematical, is content with the more gene. 

ral diſtinction of the Terrene Globe, chiefly reſpett 
ing the Dimenſion of it. | 

5. This our preſent Epitome will be ſuch, which 
being known, a way will be prepared to the Studi. 
ous, by ſurveying with profit, ſince it tends to the 
underſtanding of Globes and Geographical Maps 
as well as to other things which appertain to Geo- 
graphy, delivered by others. 8 

6. For Terreſtrial Globes and Geographical Mans 
are Inſtruments, in which, all things which are deli 
vered by words in Geography, are ſubjected alſo to 
the Eves; the uſe of which alſo we ſhall explain, as 
much as the reaſon of the Order will permit. 

7. And there may be two parts conſtituted of Ge- 
Ography, * ps pe 5 

. the Diſtinction. 
II. Of the Denon 0, the Earth. 
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0 GEOGRAPHY. 


PART "x 


K4 the Di Ninciin of the Earth. | 


CHAP. 'E 


of 1 Earth, and the ways of diſtinguiſhing i, 


1. THE Earth, Geographically' conſidered, is 2 
T Body adj oined with Water, conftituring one 


Globe, which from the more excellent patt is called 


Terrene. 
. (We have made good this Deſcription of the Earth clearly before in 
the Aſtronomical Part) 

2. The Diſtinctions of it are taken out. 
JJ 
2. From the Coafts'of the World. 
3 os the droerſity of Habitations. 

42 From the imagination of conceived Circles. 
hence, again ariſes a ſeven fold Uyetfity, towit, 
in the Ratio or Proportion. 
1. Of a double Hemiſphere. 4. Of Shadows. 
2, Of Zone. 869. Of the Site of the Inhabitants, 
3. Of Climate. 6. Of the diverſe ſituation of theG lobe. 
„ 7. of the __ and Catit. 4 places. 
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CHAP. U. 


Of the] Diſtinction, from Integral Parts. 
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$42 Of GEOGRAPHT. 
IL Of * Dry, are. 


1. Firm Earth «Continent, __ f Pro ntqxy or 

2. An Ifland. i 2 $4 ſutineþ Fake 

3. Ae or à place ao 7 4. WS, 
ſurrounde with Water. 8. A Field. 


4. Iſthmus, or a Neck of Lan Wood, Cc. 
beten two Seas. I Fi * * 2 


III. Of. Wet,. ores are. re. 1 0 * 30 

"9 The * 3 2. Sinus, 'or 2 Boſom ot. Gulf. of 
the Sea. 3. A narrow Sea between two Lands. 4, 4 
Port, Haven or Harbour. 5. A Lake or ſtanding 
Pool. 6. A ſtanding Water. . 7. A Eguntain. & 
River. © . The Mouth of a River, C. 

(All theſe want not more accurate. Definitions * 
Deſcriptions, fince - ibe Sign tations of the words 
_ themſelves, explains the ings b polis enough ; every 
where ; unleſs that the Sta every where encompaſſing 
the Earth, is called, the Ocean, the. others receives 
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a Name from t be Site E, or LA 1 12 . rd i e, 


. T0. EA . ? — 


CH TR _ 
Of the Il Diſtiniion, from the Coafts of the World 
O the Coaſts of c World, Foup, are 


Cardinals. 0 
I. Eaſt. det > "IG 2. 5 0 4 
ot l 4, Souther 
42. . Hence che places of che Earth are — 
1. Zaſtern or Oriental. worthern or * F 
2. one's Occidental, . Southern or Merianal. 
3. And indeed, either abſolutely: without "_ 
if the whole Globe be conceived in Mind, or reſtrict- 
ly, with reſpect of certaiy places o in which *Ruvio, 
one Region, in. reſpect of. this, may be Eaſtern or 
Northern, in reſpect of another place, it may. be 
Weſtern or Southern. 
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4. Theſe 


pl ge, Hege , ; 
s of the Wor nun. 
e * rom beholding the She thus. 
Cape, 1. From your Face, you have the E 
179 2. From your backſide, the Weſt. 

3. On your Left Hand, the North. 

4. On your Right Hand, the South.” 

II. From Aba the Pole — in the Tail ide the 


[eſſe Bear. 
For then 16. 


The Eaſt on your Right Hand. 3. The North before vou · 
z The Weſt on your Left Hand. * The South on A 


* 
Mt 


— 


DE Gra Bl a 
of the Il. Diſtinition, from. the auen Cs 
Habitations. 


. the Earth, which ts Inhabited of all ah 


* four parts; may be conſtituted. 

. The Earth under the Northern. Africa. 

. De Earth under the Southern, IV. The bid orb. L ia. 
III. The New Orb America. Europe. 


- Baſdes Ilandr which may be divided into gras 
nean, ſmall, and leaſt of all. 
. That you may learn the Site of theſe, turn your 
face toward the North, and you will hare. 
re I. From the Front, the Earth under the Northern. 
2. On your Back, under the Southern and 4 Hrici. 
| 3. On your Right Hand Aa. 
: 4- On your Left Hand America. 

5. Europe is that in which we dwell, and wh ich 

encompaſſes us on every fide. 


N 


» 
— — 


— 


* <8 A P. * | 

K Of the Earth under the Northern. 

oy HE Sub Northern Earth, is a Trad of the Ter- 

e rene Globe gn to the North Pole,or North 1 5 
4 
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The parts of it a, Friezland, Iſland, Icaria, Grun. 
land, Grocland, Terra Nova, o Spitsberg, Ruften 
Nova Zembla; concerning which you- may conſul N te 


m 


the Navigations of the Hollanders, and others. 


„ - 65 8 Fu 
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CHAP. VI. 
Of the Sub. Southern Earth. 


PHE Earth under the Southern, is 2, Trat ofthe 
1 Terrene Globe, nigh to the South Pole, or to 
—  _ _ _]] c _—__-- 

Tis alſo called Terra Mage lanica, from its firſt finder agel. 
anus, in which are Terra del fuogo, the Promontory of the Sub- 
auſirale Earth, the Region of Partets; Lucah, Reach, Malen, 
Nova Guinea, and other Countries, net as yet known. 


—— — * 


„ nA 

Of the New Orb or World. 
1. A MERICA, alſo is called This New Orb, and is a great Po: 
tion of the Earth, ſituate to us beyond the Ocean, to- 
wards the Weſt; found out by Chriſtopher Columbus, either firſt 
or anew, about 2co Years ago, and denominated by Americu 
V-ſputizs, who detected the further part of it, 4 


* 


Ft: 2. Its Terms or Limits are. A 
I. On the Eaſt, the Atlantich Ocean, and the Ethiopich Ocean. 
2. On the Weſt, Mare Pacificum, or Zur, | | 
3. On the North, Terra Suborealis. 
4. On the South, Terra Subauſtralis | 3 
3. Tis diſtributed generally into Northern and Southern, con- 
joined by an Iſthmus, of which that is poſſeſt by the Mexicans, 
This by Peruvians or Dariens. © 5 | 
4. The North part of America at the Weſt (ide, in paſſing from 
the North towards the South Eaſt, from thence to the North 
Eaft, in aſcending on the Eaſtern fide, the more excellent King- 
doms and Regions are: The Kingdom of Ariana, Qutuirana, Thul. 
mia, Nova Granada, Nova Gallecia, Nova Hiſpania, Mexicana, 
Guutinala, Fondura, Nicaragua, Fucatan, Florida, Virginia, Nova 
Belgia, Nova Francia, Canada, Terra Corterealis, Laboratoric, and 
| Eftotilandia, more Northern no Body hath yet found out. 


5. America 


i 5. America on the South part, by the compaſs of 
ws the Sea Coaſt, returning from Iſihbmus to I/thmus, 
contains the Provinces, Caſti/:a aurea, Deriena, Po- 
pajana, Peruvia, Cuſcana, Carea, Chicha, Patagonum 
Regionem, Chila, Braſilia, Caribana, Guiana, and 
Cumana : But thoſe Regions which are in the very 
middle no Man yer knovvs ſufficiently. — . 

( The leſſer Regions of either may be ſeen in 
Maps. ) an 3 


3 6 r * 1 FEE 


CHAP. VIL 
Of the old Orb, eſpecially Africa: 


I, A is a great Portion of the old Orb, to 

us Europeans tis ſituate beyond the Medi- 
erranean Sea, towards the South. on 

2. Its Limits are, | 3 
1. Ox the Eaſt, The Arabian Gulf, or the Red Sea. 

i 2 0 the Weſt. The Atlantick Ocean. 
z 3. On the North. The Mediterranean Sea. 
4. On the South. The Ethiopian Ocean. 


3. The Ancients did not penetrate to all rhe 


« cnowledge of this, therefore the Maritime and Me- 
literranean Regions found out, they number thus; 
That from the Eaſt to the Red Sea the firſt Region, 
a + called by them, Arabia Troglodytica : Bur to the 
lediterranean Sea, the ſecond, Egypt: Then to- 
2m {Wards tlie Weſt, the third, Cyrenarca : From thence 
th Ihe fourth, Africa the leſſer, or proper; with the 
4 ith, Numidia : Hence the ſixth, Mauritania Caſa- 
% ente, & Tingitana, to which the Mediterranean 
ve Iadheres; to wit, to Egypt towards the South: Se- 
d enth, Ethiopia: But towards the Weſt, eighth, )- 
., the broadeſt extent, between which and the other 


Nn Maritim 


part L Ch. vn. Of America. 545. 
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_ Maritim Places; there lies the Regions of, ninth 
 Garamantum ; Tenth, Troglodytaram ; and eleventh 
Getulorum. 

4. But at this time, all Aſvica is divided princi 
pally into ſeven Regions, of which theſe are the 
names, counted by us, by the coaſting of the Se; 
I. Egypt. 2. Barbary. 3. Biledulgerid. 4. Ne 
groland. 5. The true Ethiqpiu. 6. The Empire 9 
the Abyſſnes ; all bordering upon the Sea, and ont 
fitnate in the very middle, v:z. 7. Ihe Deſert Sarra. 

5. Egypt at this day is not divided as in old time 
into Governments or Provinces, although the Pr, 
vinces of the Ancients contain now under themſelyeg 
ſomewhat more parts; from the Mouth or Entrant 
of Nylus to both Shoars of it, it extends to an hun 
dred Miles. ps | 

6. Barbary, is the largeſt, containing the Count 
of Barca, and the Kingdoms of Tunis, Tremiſen, Fe: 
| -— hl and the Darenſes, ſo called from the che 

ities. Os os 5 
7. Biledulgerid, having its name from the abundance 

of Dates, tis the longeſt Tractof Land, from the Ala 


tic Sea to Egypt, continued all along thro the Mei 1/7 
terranean places, and is divided into fix Kingdom 
Zanhaga, Zuenziga, ( ſometime Hair) Tag. er 
Lempta, Berdoa, and Goaga, having by- names in lh bac, 


manner as the Cities. 3 

8. Negroland, or the Region of Blacks, it derive 
its name from the River Niger, which waſhes it 
from each fide of the Mouths of which Mem 
( Guegnere ) is extended the Iſland of Nylus, 
which the Kingdoms are in. like manner denomim 
ted from the Cities: Gualata, Hoden, Geneboa, & 

nega, Tombuti, Melli, Bitonia, Guinea, TJonian, Du 1. 
21a, Cano, Caſjena, Benin, Zanfara, Guangnara, Bort 4 
Nubia, Biafra, Media. Fa 
9. True Ethiopia, or the Inferior, is that Terreſti Noi 


III part I. Chap. VIII. Of Africa. 547 
al Tract, which joining to the reſt of Africa on the 
enth North, is encompaſſed on every fide, by the Sea on 
me Weſt, South and Eaſt ; the chief Regions of 
which are; Congo, Monomotapa, Zangibar, and Ajana, 
which again are ſubdivided into more, concerning 
which you may conſult Globes and Maps. oY 

10. The Empire 4 the Abyſfines, is part of Af7i- 
, which is encloſed on the Eaſt by the Arabian 
fore, and by the Regions of Ethiopia, Ajana and 
Zangibar ; on the South, by Monomotapa ;, on the 
Weſt by Congo and Medar ; on the North tis inclo- 
kd by Nzb:a and Egypt, and tis ſubdivided into 
many Provinces, viz. Dafila, &c. 

11. Sarra, Which we have called the Mediterra- 
nean, is all that Space which extends thro' the mid- 
dle of Africa, from the Eaſt Kingdom of Gagga, even 
to the Weſt of Gaalata, tor the moſt part deſerted, 
whence alſo it receives its name, and is called the 
Deſert of Sarra. | 

12. Among the Iflands of this Region, the moſt 
famous are thoſe which-at this day are called the 
_ but of the Ancients, called the Fortunate 
Hands. b 

In this place the Ancient N placed the 
firſt Meridian, from which, the Modern have retired 
back Ten Degrees. gs 
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CHAP. KX 


1. A STA is the greateſt Patt or Portion of the 
old Orb ſituate indeed to us, towards the 
kalt, but ſtretched out by a long Tract into the 
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//öͤöwöͤÄ³L ß x 
I, On the Eaſt, The Ocean of Chinenſis. 
2. On the Weſt, The River Tanais. 
3. On the North, The Tartarian Ocean. 
4. On the South, The Indian Sea. . 

5 11 may be diſtinguiſhed according to its ſtate at 
this time, into five vaſt Empires, to which ſome Re- 
ions ſituate to the North- weſt, and the South-eaſt, 

together with many Iſlands, may be brought into the 
number. | | 3 

4. Weſhall reckon up theſe five Afeatick Empires, 
by going round about, from the Welt by the Tractof 
the Sea Shore to the Weſt ; to wit, the Empire, 
1. Of ihe Tur hs. 2. Of the Perſians. 3. Of the Alo- 
gul Indians. 4. Of the Sinenſes. 5. Of the Tartari- 
ans, With. their dependancies, as ſhall be ſhewn in 
—_— . 

5. We diſpoſe the Regions of the Twrki/h Em- 
pire in Af, into five Claſſes or Forms; for they are 
ſituate, either firſt between the Caſpian Sea, and the 
E act Sea, ; or ſecondly, between this it ſelf, and allo 
the Egean Sea, and the Mediterranean, even to Eu- 
Phrates ; or thiidly, between this River and the fur- 
thermoſt eaſtern part of the Mediterranean Sea; 0 
fourthly, between the Gulf of Arabia and Perſia ; or 
_ fifthly, about the Tract of Exphrates and Hare. 

6. Between theB/ac& Sea and theCuſpran Sea, going 
down to the Banks of this, from the North towards 
the South ; the Countries in old time were called 
Albania and Iberia; of which at this day, that 1s 
called rhe Eaſtern Georgia, this the Weſtern ; which, 
notwithſtanding, is called Balburt, where it extends 
it felt to the Black Sea: To the Eaſt and North 
Shore of which, in old time, Co/chis was ſituated, 
which is now called Mengrelia. 

7. To the ſecond Claſs or Form is referr'd the leſſer 
Alia, which at this day is called Natolia; in m_ 
rom 


part I. Ch.IX. Of Aſia. 
from the Eaſt of the Blacꝶ Sea, towards the Weſt, 


ll. 


lie the Maritim Regions, I. Cappadocia. 2. Paphla- 


gonia. 3. The Black Sea. 4. Bithynia, to Phoſphorum, 


Helleſpontum, and the Egean Sea. 5. The leſſer Phry- 


gig. 6. The greater and leſſer Myſia. 7. Folia. 8. lo- 
at 1g. 9. Carid. Io. Doris: To the Mediterranean Sea, 
Re. II. Iycia. 12. Pamphylia. 13. Cilicia; to which ad- 
alt, joins, being fituate in the very middle, 14. Galatia. 
the Wis. The greater Phrygia. 16. Piſidia. 17. Lydia, and 

18. Armenia the leſſer, which touches Euphrates : 
"cs, Although at this day. theſe Kegions are expreit by 
tof Mother names. | 32 
ire, . 8. To the third Claſs, or Form, belongs Syria; 
Mo. unich is divided into fix Regions, four of which 
%. touch upon the Sea, to wit, in going from the North- 
alt towards the South- welt: 1. Autiochene. 2. Pha- 
nicia. 3. Palæſtina. 4. Idumea : But two, vi. 5. (o- 


fm. Masgene, and 6. Caleſyria extend to Euphrates, that 
7 tends towards the North, this towards the South 
the 


nd Eaſt; concerning which, the greateſt part is 


allo Wieſcribed, not only in Prophane, but chiefly alſb in 
E. tte Holy Scripture. SO 5 
fur. 9. Arabia, conſtitutes the fourth Claſs, or Form, 


mach is threetold, . to wit, 1. Felix. 2. Petrea. 
q. Deſerta ;, of which the firſt is the greateſt, the 
Fetter part firuate beyond the Tropick of Cancer, 
ind hatch its name of Happy from the exceeding 
muittulneſs thereof: But Perrea extends it felt to 
he North and Weſt, as the Deſert doth to the North 


at 18 nd Eaſt. 
. 19. To the fifth Claſs, or Form, belongs, 1. Cha/- 
= «a, (at this time Cha/dar ) touching the Perſian 


ult. 2. Meſopotamia, which according to the Eu- 
rates, is called Aliduli ; by the Tims, Diarbech : 
Ane nia the greater, extending to the Caſpian Ser, 
mofe North part is now called Twurcomanna, the 
hich, Fiddle part Popul, the Southern part C ſ. 

| | Nn 3 11. Ihe 
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11. The Perſian Empire approaches next towards 
the Eaft, whole Provinces may be diſtributed into 
two Claſſes: In the firft of which are, 1. Gedroju, 
2. Carmania. 3. Perfia, properly ſpeaking. 4. Sujiu- 


na. 5. Aſſyria. 6. Media. J. Hyrcanig. 8. Marg 1 
na. 9. Baitriana ; which from the South-eaſt join 

themſelves by a Semicircle, even to the North-eaſt: Ml c.1 
In the other Claſs, are, 10. Parthia. 11. Aria. 12. Pa. by 
ropemiſus, 13. Arachoſia. 14. Drangiana; which an. 
are firuared in the very middle, in going from the x; 
Weſt towards the Eaſt and South, and all of then 
at this day, have names altogether differing from the ,,, 


Ancients. | *; | 
12. At this time the Perſian Empire belongs to the Indian I. 
gul, which poſſeſſes a ſmall part of old Scythia, and the greateſt 
| pur of both the Indies; fituate as well within as without G angen, and 
| hath 44 Regions,accounting ſeven Series, in numbring alwaysfrom 
the North towards the South, which the Map ſhews : beſides thoſe 
Provinces and Kingdom of India, not as yet ſubject to the Great 
Mogul; amoag which theſe are the moſt excellent, Decan, Narſmngs, 
+ we Malacca, Camboja, on the Continent, with great plenty 0 
Tilands. | | 5 
13: The uttermoſt Empire of Aſia towards the Eaſt, is Sia 
( with the Peninſula Corea) encompaſſed on every fide, by the & 
by a Wall, and by Mountains, and it hath 16 Provinces, numoret 
moſt 1 the North towards the South, the nas 
of which the Table likewiſe will ſupply, which you ſhall have 
the latter end of this Tract. +4] 0p LS 
14. There remains the Tartarian Empire, which contains tit 
moſt part of all Old Scythia, and within and without, the Mou 
tun Tnavs, among all the Regions of Aa, leaſt accurately knowl 
yet is wont to be divided into five parts, of which the 1. i 
Cathaa, nigh the North Gulf: 2. Old Tartaria, or the Tit 
nigh the River Tartar, in the furtheſt Northern Part of 4% 
3. Tu cheſt an, nigh the Empire of the Perſians and the A 
guls: 4. Zagataza, nigh the Shoars of the Caſpian 9: 
5. The Tartiarian Deſerts, cut into eight parts on this ſide all 
beyond the Mountain Jha : which touch upon the utmoſt pi 
of a Provice in obedience to the Ruſſians, and they extend eie 


towards ſurbey. 


(Vo we proceed to palæſti na, and then to Europe ; for the Hani 10 4 
of both, the Tables will truly note, which we ſhall ſubj vin at tht a 10 


of this Tia, 
| CHAI 


I part I. Chap. X. | Of Paleſtine. Jg 


1 


Ing CHA P. X. 
th Of Paleſtine, or the Land of Canaan. 


gls T H E names of it, as above, hath been moſt 

Join L Ancient; which Land of Canaan was polleſ- 

eaſt ed by Canaan a Grandſon to Noah; and Palæſtina, 

e by the Pbiliſtiner, which deſcended from Mizraim, 

ich another Grandſon of Noah, eſpecially treated of in 

1 nei Holy Scripture. f : 

them The particular Countries of it were named from 

n the each People that inhabited them, which are recited 
often times in Scripture. | 

"nm 2 aſter that God bad inſtituted Abraham, Iſaac, 


and Jacob or Iſrael, and his Poſterity the Tſraelites, Heirs 
sten of this ſe fruitful Land; it was alſo called the 


woe Lind of Promiſe ; the Land of Iſrael ; the Holy and 
2 Blejſed Land; not ſo much becauſe this People was 


the peculiar Elect of God; ax becauſe the Holy of 
Holes, Chriſt the Redeemer of Mankind way Born 
. this Land, of this People; in which alſo the moſt 
oY 79 Cfering, the Redemption of AM ankind was per - 
_ forme d. | : 
ave at 2. And this Land was fituate towards the Eaſt, to the Eaſtern 
Mouth of the Mediterranean Sea, but bending by an oblique Tract 
ns te on the North part, towards the Eaſt z and on the South part to- 
Mou wards the Weſt. | 
noi © 7heCountry was more in Length than Breadth ; in length from North 
1. Ser almoſt 40 German Miles, that is, 160 Engliſh Miles + In 
u Breadth from the Weſt towards the Eaſt, about fifteen German Miles, 
% bat u, 60 Engliſh Miles. | 


ty 0 


Siſe 


e M 3. The Limits and Terms of it were, 
$21 1. On the Eaſt, The Mountainous Arabia, Gilead and Hermon. 
Je an 2. On the Weſt, The Eaſtern Mouths of the Medicerranzan Sen. 
ſt pat 3. On the North, Phænicia, and the Mountains of £i6bar.on aud 
1 evel Antilibanan. 


4. On the South, Egypt, Tdumia, and the Rocky Arabia, 
4. The Midland, was divided ſrom the North to the South, by 
the moſt famous River called Jordan, lh afforded the brit 
Holy Water of Baptiſm. | | | 
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552 Of GEQGRAP HT. Book Il. 
This River flows from the two Fountains or Spring, 
Jor and Dan, at the foot of the Mountain Antilibanon, 
and glides along the to Lakes on the North part 
viz. the Lake Samachonitidem and Ceneteth, or Ge. 
neſareth, which in Holy Writ are called the Sea of 
Galilea aud Tiberias: But at laſt diſcharge themſelvet 
into the Lake Aſphaltis, or the Salt and Dead Seq, 
where-Sodom and Gomorrha ſometime were ſituate, 
which droides in two in the middle, the Land beyond 
even to the ends of Idumea. | 
Bef re the Iſra:lites Po fed it, the Philiſtines 
and the Sidonians inhabited it, from the South towards 
the North, to the Weſtern Entrance of the Mediter- 
ranean Sea : The Hethites inhabited the Midland on 
this ſide Jordan, ax did alſo the Amorites, the Jebu- 
fires, and the Hivites : Beyond Jordan · inhabited the 
Moabites, the Ammonites, and the Inhabitants of the 
Country Baſan : But after that the Iſtaelites had ex. 
pelled and ſiain moſt of the inhabitants, they overcame 
this Land by a violent hand, and took it, and it al 
tained another form. 
5. It was divided into twelve Regions, between 
the twelve Tribes, the twelve Sons of 1/7ae/, (ex- 
cept the Tribe of Levi, and the Tribe of Foſeph, be- 
ing numbred for two.) 
Of the diviſion 9 which, being made by Lot, this 
r the Ratio or Proportion. 
1. The lower part towards the South, between 
the Med:terreneen and the Dead Seo, was allotted 
to the Tribes of Fudea and Simeon: The next from 
theſe, ro Han and Benjamin; to which adjoined E- 
phraim and halt Manaſſes. 8 
From theſe towards the North, there followed 
the Tribe of [/achar, from hence. of Zabulon : The 
remaining Land even to the Northern Limits, was 
pol ſeſſed towards the Weſt by the Tribe of 4/er, 
aud rovards the Eaſt by the Tribe of IR, 
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part I. Ch. x. Of Paleſtine. 553 
2. Beyond Jordan on the North part of the Land, 


bout the ends of it, was poſſeſſed by the Country 
of Baſan, the other half by the Tribe Monalſes; 


that which followed in deſcending towards the 


South, was the Tribe of Gad; and laſtly the 17:6e 
of Reuben, even to the end of the Land of the Moub- 
tes, who remained in the poſſeſſion of the Land by 
Divine Command. 45 

3. The Tribe of the Prieſthood of Levi, were in- 
termixt among them all, for the conveniency of 
teaching the Duty of Religion, as alſo among {ome 
of the firſt inhabitants, who were not driven out, nor 


put to the Sword. | 
6. The Neighbourhood of People, and thoſe that, poſſeſt the 
Land of Palzeſtina, were, | 
1. On the Eaſt, The Moabites, the Ammonites, the A rians, 
the Chaldeans, the Bab/lonians, the Perſrans. 
2. On the Weſt, the Inhabitants of the next Iſlands of the 
Mediterranean Sea. | 
3. On the North, The Syrians and the Phenicians. 
4. On the Seuth, The Arabians, the Idameans, and the Ep. 
Hans. 


7. From the diviſion of the People after the death 
of Solomon the King, Paleftina was divided into two 
Kingdoms, one of which was che Kingdom of Juda, 
the other was called the Kingdom of 1/rae/. To wit, 
The Denomination being made from the former part, 
for the Tribe of Benjamin was alſo under the King- 
dom of Judea, and the Tribe of the Prieſt hood of Levi , 
as atjo h Simeon, which was mixt with the Tribe 
of Juda. Bur the reſt, of which there were many, 
retained the name of Iſtaelites. "ra 

8. The Metropolis of the Kingdom of I/-ac7 was 
Samaria; and of the Kingdom of Zedea, the chiet 
City was Jeruſalem, built on four Mountains; that 
towards the Eait was the Mount Moriub, in which 
the Temple was ſituate: Towards the Weit was the 
Mount A: Towards the North, the Mioun Be- 
zetha : And towards the South was Mouit 8%. 
wich the Royal Ark. — 1 


| | 9 
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The City therefore was very Spacious, which con. 
tained in its compaſs more than a German Mile, or 
more than Four Engliſh Miles. | 
9. From the time of Chriſt then the Kingdom of Iſrael was de. or. 
ſtroyed, although the whole Region was generally called by the . 


Name of Judea, yet more eſpecially it was divided into the Coun, Br! 
try- on this ſide and beyond Fordan. | 


10. That which lay on this fide Fordan, was I-. 
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t ſubdivided into 3 parts. | Bot 
1 1. Judea, ſo called in particular, ſituate towards the South. | 
% 2. Galilea, the Upper and Lower, towards the North. EI 
1 3. Samaria, lying between Judea and Galilea. Bl 
. 11. But beyond Jordan, was ſituate Perea, towards the South; ä 
1 and Trachonitis and Abilene towards the North. | 4 
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07 the Regions of Europe, even to Denmark. | 


LJ UROPE is the Weſtern Tract of the Old Orv . 

the better part of which lies under the Tem 0 
perate Zone, towards the North, yet ſomewhat rum f 
6 


rr 


i 
. * 
"Ml 
. 

4 
A 


2 
N 
oY 
Lf 
f 
4 1 
oy 
1588 
17 
[1 
338 


ning out to the Eyigid Zone of this Coaſt: But be- 

_ cauſe we Inhabit in it, it will be worth our while to 
Diſcourſe of it with ſomewhat the more care. 
2. The Limits of it, by which tis encloſed, are, 1. The A. | 
diterranean Sea to the South. 2. To the Weſt, by the Atlantic 0 
Sea. 3. To the North, by the North Sea, and the Sub Southen 
Land. 4. To the Eaſt, by the Rivers 0by and Tana, likewiſe 


by the Black Sea, and by the Ægean Sea, where tis Bounded or 
ſeparated from Aſia. | | 


3. The more excellent Provinces of it, which at- 
terwards were ſubdivided, may conveniently be thus 
reckoned up: As from Tanais and the Black Sea; 
towards the gear Sea, and fo on, going à com- 
paſs until you return to the ſame B/ack Sea again, 
which is the Claſs of the Exterior Provinces of Eu. 
rope. Then 2. appears the Interior, by proceeding 
trom the ſame Black Sea, towards the Welt, to Ger- 


many, 
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? con- if nany; and we ſhall number the Provinces of Eu- 


2 „ rope, in all XV. and thoſe in this order. 1. Tarta- 


ria Præcopenſis. 2. Turcia Europea. 3. Wiyricum, 
as de. or Sclauonia. 4. Italy. 5. France. 6. Spain. 7. 
Brittain. 8. Denmark and Norway. 9g. Smeed- 


Tranſilbania and Moldavia. 13. Hungary. 14. 
Bohemia. T5. Germany. 

4. Tartaria Præcopenſis, is the · furtheſt part of 
Europe, towards the A ſian Empire, adjacent to the 
Black Sea, Which hath its Bounds on the Eaſt, by 
the River Tanazs; on the South by the ſame, with 
the Moory Dead Lake and the Black Sca; cn the 
Weſt, by Bory/thene, a River of Poland, on the 
North, by the Ru/har Empire. 

5. Tartary, this fame may be divided into 3 parts, of which 
the moſt Southernly is, 1. A Peninſula, to wit, Cherſoneſus Tau- 
rica, bounded only by the Black Sea and à Neck of Land. 2. The 
moſt Weſtern, bounded by this Neck of Land and the Bach Sea; 
moreover by Boryſthene, then encompaſſed by the Barricado alſo 
of the leſſer Tanais. 3. The moſt Eaſtern, by the Mo Dead Lake, 
Matide, of Tanais the greater and the leſſer; and alſo by thoſe 
Barricades encloſed even to the Mountains; but a more accurate 
Geographical Knowledge is here wanting. 

6. European Tur h, is a Tract or ſpace of Land, from the Black 
Sea towards the Weſt, next to certain whole Regions; ſome of 


Me- which contain a fifth part only: But we ſhall only Treat of the 
ik whole Regions here. noting the reſt afterwards, part of which 
ern the Chriſtians as yet Govern. | 

ile 7. And 'tis bounded on the Eaſt by the Black Sea, and Propon- 
of tidem, or the Sea betwixt Europe and Aſia, with the Arms of both, 


and by the Æʒean Sea. The remaining part on the South is 
bounded by the Mediterranean Sea, and by the Adriatich Gulf; 
on the Weſt, by Iyricum and Panonia; on the North, by the 
. ſame, and Dacia. by whicn 'tis encloſed on every fide, and par- 
ticipates alſo of all things with the Empire. | 


8. The intire parts of this Turkey are 2. 1. Thra- 
fra. 2. Meſiu. 3. Greece. The former ot which at 
this day is called Rome, and is that Tract ot Land 
extended from the Be Sea to Greece ou the Weſt, 
incloſed by the Seas, by the River and Mountains 
of Scardico. | | 5 | 9, Bur 


land. 10. Ruffia. ' II. Polonia. 12. Dacia, or 
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5565 Of GEOGRAPHY. Book Ill, 
9. But Thracia hath its Bounds on the Eaft, by 
the Black Sea, Boſphorus, Propontis and Helleſpony. 
p, 
on the South, by the Ægean Sea, and the Gulf Stn. 
monicum, (called the Gulf of Centeſa) on the Welt, 
by the River Stiymonem; and on the North, after 
the Mountains Scardicos, by the lower Ma: ſia. 
10. And the Diviſion of it may be inſtituted three fold, where, 
1. The greateſt and Eaſterly part is, from the Black Sea to the 
River Hebre. 2. The Weſtern part is ſituate between this River 
and Strymon. 3. The leaſt and Southernly part is called Che. 
neſus of / hracia. 35 | 

11. Maſia follows, which is the Tract of European Turkey, ſituate 
on the Right Hand of the Shoar Iſter, ſpreading out to the Black 
Sea, being bounded on the South by Greece and Thracta ; on the 
Weſt by Ihricus; on the North by the Danube; and on the Eaſt 
by = Black Sea alſo it was ſometimes called by the Ancients, 
Myſia. | | i 
12. It was divided in Old time, and is now, into the Upper ſaid 
and Lower; of which that is the leffer ſpace, and at this day is cont 
called Servia: This, is near 3 times greater, and is called Bulgaria; 3.1 
whence alſo the Diviſton of both may eaſily be adjudged. 

113. Greece now remains, which is a Tra@ of European Turbey, 
between the A#zean Sea and the Mediterranean, and alto in part Ih 
encloſed by the Adriatich Gulf, and extends even to Maſia; *. 

which alſo on the North is bounded like as Thracta, and by the pe 
EZ :ean Sea on the Eaſt; on the South by the Mediterranean; on 
the Weſt by the ſame, and the foreſa1d Gulf, with TIhyricun, 

14. And Greece with us is divided into Maceds- 
nia, Theſſalia, Epirum, Greece, properly ſo called, 
ard Pe/oponefius, which again are ſubdivided; of 
which Macedonia, the moſt ſpacious, is Northern, 
and in Old Time was divided into 8 parts, which 
are Called. I. A/bania. 2. Mygdoma. 3. Biſaltia. 
4. Paraxia. 5. Pelagonia. 6. /Emathia. 7. Piecia. 
8. Pelaſgia. Notwithſtanding at this day tis only 
divided into 3 parts, of which, 1. The North Eaſt 
is Fambo/i. 2. The North Welt is Albania. 3. The 
Southern is called Comelonitari. 

15. Iheſſalia of Macedonia is fitvate towards the 
South, and encompaſſed to 2 Coaſts of the World 
by Mountains, but on the Eaſt the Country is bound- 
| FE ed 
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ed by the MÆgean Sea, which in Old Time was di- 
vided into 5 People or Towns, to wit, 1. The The/- 


ſalians, properly ſo called. 2. The Eſ?iotans. 3. The 


Pelaſgans. 4. The Magneſians, and 5. The Phthi- 
tans: At this day tis called by one Name Fanna. 
16. Epirus, is a Tract of Land ficuate by the Sea 
fide, beneath the Adrzatick Gulf; in Old Time di- 
vided into 7 People. 1. Molofſans. 2. Dryopeans. 


z. Chaoneans. 4. Threſprotians. 5. Caſhopeans. 


6, Amphilocheans. 7. Acarnaneons. At this day 
tis called Canina, (thro' the error of ſome, Albania) 
and is divided from rhe other part of Greece, beſides 
the bounds of the Sea, by the Mountains Macedonia 
and Theſſalia, by the River Ache/oo. 

17. Greece, properly ſpeaking, is that Tra& which beſides the 
ſaid Provinces, as yet remains without Peloponneſis, ſometimes 
containing 8 Provinces, which are called. 1. Æ⁊tolia. 2. Doris. 
3. Locris Ozolea. 4. Phoch. 8. Megaris. 6. Attis, 7. Beotia, 
and 8. Locris Epicnemedia. At this time tis generally called 
Levadia, being bounded by the Mountains, by the Seas and 
mm | 

19. Peloponneſus, is a Peninſula, concerning which we ſhall 
ſpeak in the Table; in Old Time containing 6 Provinces, viz. 
1, was called Achaja. 2. Elida. 3. Meſſema. 4. Arcadia. 5. 
Laconia, 6. Argolica, which at this day are called by one Name 
Morea. | 


19. Layricum of Greece lies next, and is that Tract 
of Europe which is occupied on the better part by 
the Adriatick Gulf, on the Northern Shoar, with 
crooked and winding Streams towards the Ealt, be- 
ing hounded on the South by the Gulf ir ſelf; on 
the Weſt by part of Taly; on the North by Panno- 
nia; on the Eaſt by Mæſia and Greece, whoſe upper 
pare in Old Time was called Liburnia, the lower 
part Dalmatia, but at this day that is expreſſed by 
Morlachia, this by its Old Name; although this 
Appellation alſo is now common to the whole Coun- 
try, which ſometimes is illy called by fome $'4v077a. 

20, Italy agrees juſt to this order, the Tra of Land ſhooting 


out between the Adriazick Gulf and tie r.maining A diterranean 
| 8 et, 
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558 Of GEOGRAP HT. . Book 
Sea, even to the Alps, hath its bounds on the Weſt, by France; 
on the North by Germany and the Adriatich Gulf; on the Eaſt by 


the Mediterranean Sea; aud the ſame alſo on the South, together 
with the Iſlands. N 


21. Italy may be divided into the moſt Ancient 
and belonging to the French, but both taken together. 
in Old Time Strabo divided into 8 parts, which by 
the leading of the Sea Shoars, we ſhall thus reckon 
up, vig. The next is to 1//yricum, and therefore part 


1. Venelica. 2. Picenam. 3. Apulia. 4. Lucduil. 


5. Campania. 6. Latium. 7. Thuſcia, 8. Liguria, 
under which divers _— are contained; which Ic: 
ty was divided into XI. Regions by Azguftus (e. 
far, that which is the middle Divifion of it, is mote 
rightly 1emembred. _ FZZ 
22. In this Diviſion the Country or Region nigh 
the principal City, The 1. contained Latinos and 
Campanos. From thence 2. To the North*Eaft, 4. 
883 Pucetos and Salentinos. Then 3. To the South, 
alabros, Lucanos and Brutios. From hence 4. To 
the North Weſt, Ferentanos, Mauricinos, Peligns, 
Veſtinos, Sammites and others: Moreover, 5. In the 
_ fame Shoar Picentes. 6. Umbros. From hence ). 
To the South Weſt, Thuſcos or Etruſcos. From 
thence 8. Somewhat towards the North, Favent:- 
nos, Fidentinos, Padinates, and others. Hence 9. 
To the South Welt, Ligures, and others, even to 
Padum:; in paſting over which, le. with your Face 
towards the Adrutick Gulf, Venetos, Iſtros, Fay: 
ges. Laſtly, 11. To the Welt occurs the laſt Regi- 
on, between the A/ps and Padum, which contains, 
1aurinos, Salaſſos, Inſubres, Rhetos, and others. 
23. The neweſt Diviſion of Laly is inſtituted in- 
to Lordihips, to wit, 1. Hiſpanica, or belonging to 
the Spaniards. 2. Pontiſicia, or belonging to Bithops. 
3. Dacalia, or belonging to Dukes. And 4. Live- 
ra, tree, or not ſubject; among which the beginning 
of taly at the A/ps, and the end of it at Sicilia, oc- 


cupies 
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cupies the I. Claſſe of Lordſhips; to wit, there the 
State of Mediolanenſis, this here the Kingdom of 
Neapolitan, in which on the Ihaſcan Shore, are 4 
Ports and Cities. | 

24. To the II. Claſſe belongs the Roman Eccleſi- 
aſtick State, extending to each Sea; and the Ecc/e- 
faſtick State Ravennas, towards the Welt, ſituate 
on the Coaſt of the Adriatick Gulf, together with 
the Diſtrict Beneventan, near the very middle of the 
Kingdom of Neapolitan. _— 

25. The III. Claſſe makes, 1. Piedmont, towards 
the A/ps, and the State Mediolanens, belonging to 
the Duke of Sabaudiæ. 2. The Great Dukedom of 
Korence, ſituate on the Tx/can Sea. 3. The Duke- 
dom Mantua and Montferrat, looking on the left 
fide of the River Po. 4. The Dukedom of Parmens 
and Placentin, ſituate on the right fide of the River 
Po. 5. Afterwards in the ſame place the Dutchy of 
Mutinens, (Modena) 6. The Dukedom of Urbin, 
fituate at the Adriaticꝶ Gulf, between 2 Pontificial 
States; to which 7. may be added the County Mi- 
randula, which runs towards the aforeſaid Dukedom 


of Mutinens, near the River Po. 

26. The IV. Claſſe contains, 1. The Lordſhip of Venice, about 
the Adriatick Gulf. 2. Genoa, at the Tuſcan Sea. 3. Lucens, in 
Thuſcia, ſituate not far from the Sea; to which at laſt belong ſome 


Appendixes of Auſtria, of Rhetica, of Helvetia in Germany, wor- * 


thy of remembrance, 

27. France receives Italy, being leſs ſpacious now 
than formerly, conſidering that the Neatherlands, 
and whatſoever Regions occupy the left fide of the 
Rhine were contained, even to the Springs of it al- 
molt; whence there is one Diviſion of Old Fance 
and another of new, and the computation of the 
bounds of it. Ger * 

28. And ſince France on this fide the A/ps, (which 
is alfo called Togeta) is French Italy, neither doth 


| there belong a word to us of the Soil beyond the 


Alps, 
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Ale, (both being ſo called in reſpect of the Cj : 
Rome) which ſome time was divided into Pre. 0 
and Comata; from which, Braccata of Italy is alſo Min: 
next to the Mediterranean Sea, by a Line ſtretchel tte 
out by Varro, to the Springs of Rhodan; and from Non 
it below Lugdunum, ſtretched out under the Moun. Out 
tains Axvernis, to the Mouth of the River Gary. - 
mn. L | 
29. But Comata Gallia, or France, was three fold 3: 
1. Aquitezica, now called Guienne. 2. Celtica, ; MM”. 
Belgica, or belonging to the Dutch, among which kn 
it (fince at the firſt Garumna allo was encloſed by ” 
the Pyrenian Mountains) is computed by Auguſtae Ni 
to Ligerim: Celtica alſo, (called Lngdunenfis) ſpreadd {Mien 
abroad of late between Matrona, Sequana, the M'+ 
Ocean and Garumna, the Mountain Gebenna, and WF” 
the Rivers Rhone and the Rhine, afterwards be. ere 
tween the Rivers Matrona, Sequana, and Liger or 5 
Layre; and alſo it was bound by the Ocean. Laſtly, oy 
Belgica (in the firſt place was contained between the 155 


Rhine, the Ocean, and Seguand and Matronona) in Ir 
the next place it was contained between the Rhine, Mir; 
the Rhone, Ararim, Matrona, Sequana, and alſo Io! 
the Ocean; which for the ſake of Ancient Hiſtory, Ib. # 
ought not to be unknown. = | 
20. Now we come to France, as tis at this time, ar 
which is a Tract of Europe, ſituate on this fide, be- 
tween the Ale and the Pyrezean Mountains, ſituate Mey: 
from thence between the Mediterranean Sea and the we 
Ocean, and likewiſe between the Hodiern Neather- 102 
linds and the Provinces of the Rhine; bounded on Miri: 
the Eaft by Iraly and Germany; on the South by the nid 
Mediterranean Sea; on the Welt, beſides the Pyre- 
nean Mountains, it owns part of the Ocean for its 
Limits; by which alſo (the Name of the Egli Wel 
Channel is at laſt given to it) ir is terminated towards Mus! 
the North. 8 / Us 
- 31. France 
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Francè at this time, from the Lake Lemanno, from 
the Alps towards the Mediterranean Sea, and fo on, by 
going about, until you return to the ſame Lake, (compu- 
ting alſo the Regions not obedient to the King, becauſe 
they are comprehended by the Bounds of France) may 
conveniently enough be divided into Provinces. 1. The 
Outermoſt. 2. Thofe further in. 3. Thoſe furtheſt in. 
un WThe following Deſignation by Parentheſts, notes the 


i 


Foreigners. 3 i | 
2. Of France, the outermoſt Regions or Countries are. 


Id (1. Subaudia, with 2. The Country Geneva) 3. Delphina- 
3. Wis. 4. Province, (in which 5. The County of Avegnon 
ch, {Wand 6. The Principality of Aurange) 7. The Region of 
by N Langaedock. 8. V. Nane where Bearnia, Bigorria, Comin- 
% , Albretia, Arminiaca. 9. The Country of Cujene. 10. 
1d Antoine. 11. Piltavien. 12. Brittany. 13. Normandy, 
he W's. Piccardy. 15. Arteſia. 16. Campania. 17., Lotharin- 
nd 614. And there the Epiſcopacy of Metenſics, Thullenfss, and 
Verdunenſis. 18. The Dukedom of Burgundia, (in the 
101 onfines of which, the Counties of Burgundy and Mont. 
lier are ſituate) all which 19. Breſſia at laſt compleats. 
If 33. There remains the inner and moſt inward Conn- 
16 tes of France, of which the former Tye to the Fatt. 1. 


in erben. 2. Limane. To the South, the Tract of Lugdu- 
„ % or Lions. And 4. Arvernia: And allo 5. Quercia. 
ſo lo the Weſt, 6. The Regions of Perigort. 7. Limoſin. 
g. Blefen. H. Turone. And 10. Andegauen. To the North, 
I. Lemania. 12. The Country Le Beauſſe. 13. The 
: land of France: But the laſt and moſt inward are, 14. 
> WE; and 15. Nivernia. | | 
; 34. Paſſing over the Pyrenean Hills, Spain prefents it 
ſelt, which is a Tract of Europe, the ſame being encom- 
e baſſed by theſe Hills towards the Welt, (and the reſt in- 
acted by the Sea) fo that it hath no Terrettrial Bounds 
1 {ibtlides France, from the Eaſt to the North, yer in the 
5 middle for the moſt part, tis incloſed by Mountains, be- 
i cauſe it is in a manner incloſed by the Mediterranean Sea, 
; and the Straits of Gibralier on the South; and on the 
Wet and North by the Atlantiet Ocean. 
35. Spain was divided in Old Time into the hither anc 
tae farther, of which, that was contained by a very ina 
O Track 
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Tract of the Pyrenean Hills, and by the River Iberus; the 
farther, extended it {elf to all the remaining ſpace « 
Land; but afterwards it was alſo divided in a three fol 
manner, into Betica, Luſitania, and T arraconenſus ; fru dom 
which it was extended by the River Ana, from thence i 
the Regal City; hence to Almeria: Luſitania is contain 
ed from the River Durius to Camora, and hence to the Re. 
f City; all the remaining part was called T arracong- 

6. The Diviſion of Spain at this day, if by going aboufward 
| Goda the Pyrenean Hills the Tens Sea, and (oi; 
on, until you return to them again; may be rightly ip 
ſtituted, (beſides the Kingdom belonging to the Iiles, con-Wkout! 
taining Majorcam, Minorcam and Ebuſiam) into XVI. 
Kingdoms and Provinces, which alſo are, either 1. Ou: 
ward, or 2. inward ones; to wit, in the former Clan! 
XIV. 1. Catalonia. 2. Falentia. 3. Murcia. 4. Grp 
nada. 5. Andaluſia. 6. Extremadura. 7. Algarhi, 
8. Portugallia. 9. Gallæcia. 10. Aſfuria. II. Biſcau, 
e n 13. Navarra. 14. Arragonia. In th 


Second Claſſe are III. viz. from the North towards te | 
South. 1. Cafiilia Nova. 2. Vetus. And 3. Legio. a 
37. Hence, going ſtrait towards the North to ti|Ml,c v 
Wands, of which, although thoſe (as is ſaid in its plac) "of 
we ſhall handle in a peculiar Table; yet it is not in. wet 
pertinent to the matter to exhibit the Britanick aui 
Daniſh Kingdoms, (how ſoever for the molt part, th (an 
whole belonging to Iſlands) becauſe of the frequent n they 


forting, and the daily Travelling thither: And the Bt 
tanick Empire is an Hoard of many Iſlands, divide 
from France, on the North part by the Narrom $4 
whoſe bounds to aſcribe is not needful, conſider 
that they are not bur cloſe to the Sea Side. 


38. Of theſe Britanick Iſlands, that which is pat 
ticularly called Great Britain, (ſome time Albin 
15 the greateſt of all, and is divided into two King 
doms. 1. England. 2. Scotland, of which the Southem 
part of Britain is the greater, having Scotland on tit 
North, its only Bound: It was divided in Old Tin 
into VIII. Kingdoms, by computation inſtituted by gie 
ing about from London: They were, 1, Eſſex. le Lor 

| 5 3. Se, 
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The Kingdom of Northumberland: And 8. The King- 


it differs. | 

39. For tis divided 1 into Loegria, or England; and 2 
(Cambria, or Wales, and that again into the Upper and 
Lower; of which the former is towards the North, the 
latter towards the South Eaſt; but Cambria is ſituate to- 
wards the Eaſtern Shoar and the Mediterranean, accord- 


ends from the Confines of Scotland towards tlie 
South, 


VILE 40. In Loegria or England, the Upper or Superior are 
Our VI. Provinces, 1. Northumberland. 2. Durham. 3. 
Pal WCrrber land. 4. Weſtmorland. 5. The Province of York- 
Gr-Mſhire. 6. Lancaſhire. 7. Cheſpire 8. Darbyſbire. g. 
abi, ottinghamſhire. 10. Lincolnſhire. 11. Kutlandſhire. 
il 12. Lricefter ſhire. 13. Warwickſhire. iq. Worceſterſhire 
1 8 15. Sfordſbire. 16. Shropſhire. 8 EL, 
tle 


there are many Provinces, to wit, in number XXII. 
o tek which, in beginning to proceed from the Eaſt to 


. the North, and towards the South, and ſo to the 
aul Left; and from thence again to the North, leaving 

th (anbria or Wales on the Weſtern ſide, in aſcending 

it they are, 1. Norfo/k. 2. Suffolk. 3. Cambridg- 

ue. 4. Huntingtonſbire. 5. Northamptonſhire. 

* 6b. Bedfordſhire. 7. Hartfordſhire. 8. Efjrx. 9. 
th 


Buckinghamfhire. To. Middleſex. II. Surrey. 12, 
Kent. 13. Sufſex. 14. Hampſhire. 15. Dorſets 
ure, 16. Devonſhire. 17. Cornwal. 18 Somers 
etſhire. 19. Wiltſhire, 20. Barkſhire. 21.. Olcs 


cen bie. WT 

thei... 42. Cambria or Wales remains as yet, which hath 

Tim XIII. Provinces, and they ate, in continual proceed- 

ging from the Weſt Angle of the interior or lower 

Een Loegria or England, 1. Pembrockſhire, 2. Camars 
O02 denſhire, 


. Suſſex, or the South Saxons. 4. The Weſt Saxons. 5. 
Fhe Kingdom of Mercia. 6. The Kingdom of Wales.” 


dom of the Eat Angles: But at this day the Diviſion of 


ns to the following Account of the Provinces; which 
ec 


41. In Loegriaor England, the Inferior or Lower, 


Ling efterſhire, and 22. The Province of Oxjord, or O. 
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denſbire, (Meridunum) 3. Glamorganſbire. 4. Mop. 
mouthſhire. 5. The Province of Herefordſhire. ;, 
Radnorſhire. 7. Brecknockſhire. 8. Cardiganhhire 
(Ceretica) 9. Montgomeryſhire. 10. Merionethſhire, 
II. Cornarvanſhire. 12. Denbighſhire ;, and 11, 
The Province of Flintſpire. | 
42. Scotland follows after that, which is the mo 
Northern part of Great Britain, being bounded 
England, which precedes it on the South; all th: 
remaining part is encompaſſed by the Sea, and the 
ſame is naturally parted by the Hill Grampius of 
Granzebain, ſo that one half of it is 1. Northern, | 
2. The other Southern, both which contain many 
Provinces. 9 
44. In the North of Scotland, to the North Wet 
is, I. Strathnavern, and towards the Eaſt, 2. Cath- 
ues; hence towards the South, 3. Soutber/and;thence 
to the Welt again, 4. Rofſe, then towards the Eat, 
5. Artmaneth, and again to the Weſtern Shoar, 6. 
A ine, and below this 7. Loquabar; hence to the 
North and the Eaſt Shoar, 8. Murray, and 9. Buy 
Datum; from thence a little lower, 10. Mar fia, and 
towards the Weſt, 11. Batgenothia, and a little low- 
er towards the South, 12. Anguſia; hence towards 
the South Welt, 13. A/bia, 14. Argile, 15. Ly 
nia, 16. Knapdalia, and 17. Cantyria. 


45. And in Scotland on the South, which occupis 
a leſs fpace, the Provinces are, 1. Perth. 2. Tz 
23. Memnihefia. 4. Strroeling. 5. Lennox. 6. (ur 
ingbam. 7. Cylia. 8. Carrick. 9. Galloway. 10. Ay 
deſdale. 11. Liddeſdale. 12. Anandale. 13. Eſkdat. 
14. Merch. 15. Troedale, and 16. Laudon; and in 
the middle, 17. C/ideſdal. HIKE 

46. To this Empire alſo belongs another Iſland, which 
adjoins to Britain, towards the Wet, called Ireland, (in- 
deed leſſer than Britain) but divided into IV. ſpacious 


Frovinces, of which, 1. The moſt Northern is LItonia of 
Uljier, 


Part I. Ch. II. / Europe. ' is 
Ufer, which 2. To the South Welt receives Connach or 
5 Gnnaxght : To this 3. 2 little lower to the Eaſt, is oppo- 
wa Lagenia or Leinkir but at the end of the Iſland, 4. 
in the Southerly Coaſt, appears Momonia or Munſter ; 
ll which Provinces are again divided into 33 Counties, 
which to reckon up here we omit. © * EE 


nol 47. Beſides theſe two molt Noble Britanict Iſlands, ma- 

by ny leſſer belong to this Empire, among which are the Fa- 
the nous Iſles of Or4ney, about 40, bordering on the North 
the Nr Sorland, and 7 ſtill more Northern: Then above Fe- 


and, towards the North, or to the Welt fide of Scotland, 
are the Weſtern Iſlands, called Hebrides, about 30 in 
umber; neither is there any other Iſlands belonging, 
vhich are nearer to England, to wit, between it and le- 
and, above the Iſle of Angleſey ; anda little below A- 


et napia: But in the Gallick Sea, beſides the Ile of Wighr, 
ath- near to Eng land) there are the Iles of Angleſey, Garn ſcy 


and Jarſey, with ſome leſſer lying between, rcjembling 
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1 CHAP. XII. 1 

arts / the other Regions of Europe, even to Ger» b 

Lo. many. 4 
FE $7 1 

pic Of from Great Britain towards the Eaſt, approaches . 

[1/a Denmark and Norway, viz. a Tract of Europe, part- 1 | 


Cup 5 lands, partly Continents; on this ſide bounded by of 

e Baltic Sea, but fi ain 9 
Xy paltick Sea, ut from hence adjoining to the North 3 
7% concerning the Bounds of which, it may be better 1 
1 u in cach part. | 1 
| 2. And Denmark conſilts of Tlands and Continents, 1 
which ut we paſs by thoſe, among which Seelandia is the molt L | 
75 amous, and the next to this in Magnitude, lying to- 1 
2 dards the Weſt, is Fionia, the reſt are leſſer: Towards 1 
—_ South of Seeland and Fionia, is ſituate Alſia, Aaria, 'F 


bia, Langlandia, Lalandia, Falftria, Meania; and molt 
uthern Femria: Towards the Eaſt at this time alto looks 
| "WO 3 ang 


ing to Denmark, are Bornholmia, farther off; and 
neaxer there are Amagria, Southolmia, Huene (but 
now looking to Sweed/and, are Gotlandia, Oeſilis 
Dakria) To the North are ſome, ſomewhat greater, 
as Samſia, Anutia, Leſonia; with many more ſmal. 
ler, of which they reckon ſome are of the Conti: 
nent of Denmark, of which we ſhall now ſpeak. 
3. And indeed, the Continent of Denmark not long 
ſince, was two fold, Eaſtern and Weſtern ; but thoſe 
which belonged to that, are the Provinces of Hallandiy 
Scania, Blekingia, now bel8nging to Sweedland ; therefor 
there remains of it the Weſtern Continent, viz. Cher(s 
neſus Cimbrica, which is divided into Fatia and Holſe 
cia, of which we ſhall handle them better in Germany; 
but we ſhall Treat of it here, even as tis divided. 


4. And it may be divided into 3 parts, viz. 1. Wen- 


Juſſelia. 2. North Futia, and 3. South Jutia; among 
which, Menſuſſelia or Wenſilia is molt Northern, being 
reduced into the new form of a Peninſula, by the Gul 
Limicus, and ending in the Tract of Tiens, computing 
many Iſlands to the ſame. To. | 
5. I. This North Jia ſucceeds for its nearnek, 
which is divided into IV. Dioceſſes, having Name 
from the chief Cities; of which the firſt is Alhur 
gen/is, ſituate about the beginning of the Gulf Lim 
cis. 2. is the Mediterranean, and called Viburgen 
is; this at the Eaſt Shoar of the Sea, receives; 
Arbuſenſis, but 4. that to the Weſtern Shoar of the 
German Sea, is called Ripenſis, which neverthelel: 
extends it ſelf to the other Sea alſo. | 
6. There remains 2. Southern Futia, which runs 
between 2 Seas, like as it were in breadth, towards 
Holſtein, unleſs that in the lower part *tis {ome 
what enlarged; and although there be no particula 
Diviſion given of it, yet to the Confine of Holſtein 
the Tract, 1. Of Eiderftetenſem, and 2. Of Anglen 
Jem, is annexed to it, on this and that fide, togetlie 
Witch Iſlands adjoining on both ſides q 


2 5 


| Trunſoliens, 
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7. To the ſame Empire we account alſo the aforeſaid 
Norway, which is a Tract of Europe, at the fartheſt part 
of the Welt Shoar of the North Ocean, ſituate from Den- 
mark towards the North, together with Iſlands belonging 


+ 


to the ſame ; which 1s bounded on the Weſt by the O- 
cean; on the North by Finmarchia; on the Eaſt by the 
Hills of Sweedland, that lye between; and on the South 
by the fame, and Holland. | 

8. And this whole Kingdom, although it be very 
large, is divided into V. Juriſdictions, which we 
ſhall reckon up in going from the South towards 
the North; and of them the 1. is Babu ſia. 2. Aggey- 
huſsa. 3. Bergerhuſia. 4. Niderbuſs: or Dronthemen- 
fis. 5. and laſtly, Mardhuſia, with the Maritim Tract 

9. Hence it leads us, by the order of Connexion, 
to Sweed/and, which is a Tract with all the Provin- 
ces belonging to this Kingdom of the North part of 
Europe, ſituate on this fide, between Norway, on 
that fide, between Rſſia and Polonia, ending for the 


moſt part at the Shoars of the Ba/tick Sea and the 


North Ocean; whoſe Bounds on the Weſt are the 
Ingreſs of the Ba/tick Sea and Norway; on the North, 
by the Ocean of its Name, on the Eaſt, beſides the 
White Sea or Gulf of Granwick, tis Bounded by the 
Countries of Raſſia and Polonia; on the South, part- 
ly by theſe, and partly by the Baltick Sea, which 
wales Germany and Denmark. 

10. All Srocedland may be divided into Countries, 
beginning from the ſituation of the Kings Seat. 1. 
On this ſide, che Gulf of Bothaica. 2. On this fide 
the Gulf Finnica, and 3. beyond the Gulf Ennica; 
which we ſhall reckon up in an orderly manner. 


IT. The Countries of Sweed/ard on this fide the 


Gulf of Bothnica are, 1. Uplandia. 2. Sudermanna. 


3. Oſtrogothia. 4. Smalandia. 5. Blekingia. 6. Scania. 
7- Hallandia. 8, Weſtrogotia. 9. Nericia. 10. Wejt- 
5 5 00 4 mannid, 
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mannia. 11. Geſtricia. 12. Dalecardia. 13. Helſingiz 
14. Middelpadia. 15. Femtia. 16. Angermannia. 1) 
Bothma, on the Welt part. 18. Lappia. 19. Finmar. 
chia, and in the laſt place, on the North part, 20 

Schrickfinnia. 1 885 85 
12. The Countries of Seedland, beyond the Gulf 
of Bot hnica, and on this fide the Gulf Finnica are 
I. Bot hnia in the Eaſt. 2. Cajania. 3. Finlandia. 4. 
Tavaſtia. 5. Nylandia. 6. Carelia. 7. Feſckia. 8. Sa. 
volakſra, and 9. The remainder of Lappia. But the 
Provinces belonging to Sweed/and, beyond the Gulf 
of Finnica, are III. I. Ingria. 2. Eſtonia. 3. Livonia, 

13. Afterwards R,, ſhews it ſelf, which is 2 
Tract of Europe, towards the Eaſt, and moreover, 
the further end towards the North; a great portion 
of Aſia, if we look upon the ends of the Empire, to 
wit, comprehending part of Tartary, and from 
thence to the Caſpian Sea, extending it ſelf from 
hence almoſt to the Black Sea, and is there called 
Tartaria Ruſha. ; | . 

14. The Bounds of it on the Eaſt, are the ends of 

Great Tartaria; on the South, the Caſpran Sea, the 

Provinces of Twrkey, and alſo the Leſſer Tartaria; 

on the Weſt, many Provinces of Poland, and alſo of 

Sweedland: Laſtly, on the North, *tis joined by the 

North Sea, with the Tartarian. : 

15. *Tis divided into many Provinces, ſome of 
which are, 1. Of Autocraſy, or ſelf ſubſiſtence 2. 
Some are of Cz/ar, or belonging to the Emperor. 
2. Others are of the Great Dukedom. 4. Of others 
they are wont to be called plainly Lordſhips: We 
on this ſide, with this reſpect, which is Political, 
not Geographical, divide the Countries into outer 
and inner; and we number them from the Caſpian 
Sea toward the Eaſt, and ſo on, by going about un- 
til we come to the inner Countries. 

15. And to the outer Regions or . be- 
On Oe nn CR Fr long, 
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long, I. Aſtracania. 2. Mordua. 3. Reſa. 4. Se- 
verid. 5. Smolensſia. 6. Beſecia. 7. Megrina. 8. 
Vologdia. 9. Duina.; 10. Condora. 11. Siberia. 12. 
0bdora. 13. Samojeda. 14. Fugoria. 15. Pega, and 


16. Rufha Tartaria, or Tartary, belonging to Ruf- 


/ia. But the inner Provinces of the Rſians are but 
few, vis. 17. Caſania. 18. Ceremeſia. 19. Sudalia, 
20. Wlodomiria. 21. Roſania. 22. Vorptia. 23. Muſ- 
covia, and 24. Faroſlauia, in which they proceed, 
by — crooked and obliquely, from Eaſt to 
Welt. 

17. Poland ſucceeds Ruſſia, which is the molt ſpa- 
cious Tract of Europe, ſituate in reſpect of the Ky/- 
ſſan Empire, partly towards the Welt and partly to- 
wards the South; in as much as tis Bounded on the 
Eaſt by Ry/fa;, on the North by the fame and Sweed- 
land; on the Welt by Germany and Bohemia, on 
the South by Hungary, Denmark and Tartary. 

18. The Provinces of Po/and, into which this 
Kingdom is divided, may beſt be reckoned up, if 
the acceſs be made {rom the North towards the South 
Eaſt, and from thence towards the Welt, and from 
thence again to the North; in which Circuit is, I. 
Liuhuania. 2. 'Poleſia. 3. Volhinia. 4. Ukrana. 5. 
Podolia. 6. Ruſſia. 7. Poland the leſſer. 8. Mazo- 
via. 9. Poland the greater. 10. Pomerellia. II. Pruſ- 
ſ Royal. 12. Samogitia. 13. Semigallid. 14. (A 
n,, 

19. From thence we come to Dacia, which is a 
Tract of Europe, beneath Poland, behind the B/ack 
Sea, to ſome place towards the Welt, extended to 
the Left on the Danube Shoar, at this day ſubject to 
divers Lordſhips; whence the Bounds of it on the 
North is Poland it ſelf; on the Eaſt tis bounded by 
Tartary, with part of the Black Sea; on the South 
(the Danube coming between) by Ihracia, both the 
Mæſias, and part of Hungary; which allo is the 
Bounds on the Weſt of Dacia, 20. The 
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20. The Diviſion of it in Old Time, (which it 
may alſo obtain at this time) was three fold, to wit, 
part 1. belonging to the A/ps. 2. Of the Mediterra- 
nean. 3. Of Ripenſis; of which the former fituate 
on the North, is Mo/davia, next to it, but leſſer, is 
Wallachia, to which Beſſarabia adheres. The Medi- 
zerranean at this day is called Tranſilvania, poſſeſſed 
partly by the Germans, pug by the Hungarians, 
and partly by the Wa/lachians, (of late Invaded by 
the Turks) Laſtly, Ripenſis contains a Portion of 
Hungary, ſituate not far from Tibiſco, which alſo 
moſt rightly is aſcribed to the ſame. 

21. Hungary follows, which is a Tract of Eurcpe, 
partly reckoned how ſelf, from the ends of Dacia, 
extending to the Weſt, and beyond the South, and 
running out to both Shoars of the Danube, by a ſut- 
ficient ſpace. 3 

22. The Bounds of it towards the North, are Po. 
land, towards the Eaſt, Dacia and Servia, towards 
the South ILlyricum; but towards the Weſt, partly 
Bohemia, partly Germany, by which tis every where 
incloſed. | Ts py” 

23. This Hungary in Old Time was called Pan. 
gonia, when it lay more open, but now ar this day 
tis divided with Provinces belonging to it, 1. Un- 
garia, properly ſo called; then 2. Slavonia. 3. Cre 
| atia. 4. Dalmatia. 5. Boſnia, and 6. Raſcia; of 
which, Hungaria, which is ſituate towards Poland, 
gither in Planes or Mountains, is called 1. Superior; 
and that which lies nearer to the Danube, and ex- 
tends it ſelf towards Servia, 2. is called Inferior; 
but the whole is wont to be divided into 50 Coun- 
ties, which for brevity we omit. 

24. Of the other Provinces belonging to Hungary, 
the next is $/avorra, that Kingdom which is extend- 
ed between Dravzs and Sauus, all along to the Da- 
nul: Croatia appears in paſſing to Saus, to _ 

| adherss 


wi - 
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adheres Boſnia, on the South part of Dahnatia, 


looking hither, and in the lower Shoar of the River; 
then afterwards paſſing towards the North Eaſt, part- 


ly by Saviw and partly by the Danube, Raſcia is 
joined, and in the ſaid place part of Dacia. a 

25. Now ſucceeds the Bohemian Kingdom, with 
the Provinces belonging to it, which is a Tract of 
Europe, for the moſt part incloſed by the Provinces 
of Germany, but that on the Eaſt, it touches upon 
the Contines of Poland and Hungary: for on the 
North, it owns for its Bounds, the Countries of Bran- 
denburg and Saxony, on the Weſt the Palatine; 
but on the South, the Countries of Auſtria. 

26. And *tis diyided into, 1. Bohemia, properly 
ſo called; into 2. Moravia, and 3. Sileſia, and alſo 
4. Laſatia; which laſt, notwithſtanding in theſe 
Times, is more rightly numbred to Germany: More- 
over the ſame Bohemia is divided into XV. Diltricts 
or places of Juriſdiction, v:z. 1. Elebogenſem. 2. 
Philſnenſem. 3. Sazenſem. 4. Rakomzenſem. 5. 
Leitmerizenſem. 6. Slanenſem. 7. Potherenſem. 8. 


| Braſchenſem. 9. Kaurſchimenſem. Io. Moldavien- 


ſem. 11. Zaſlauienſem. i 2. Bechinenſem. 13. Ko- 


nigſgræſenſem, and 14. Cradimerenſem, inſtituted 


in order, from the North to the South, and again 
ſubdivided; to which comes 15. The County ot 
Gagen ſus. | | 
27. Moravia the curious is not divided, but 
Sile ſia into the Upper, which is ſituate towards Hin- 
gary; and 2. The Lower, which tends towards IL 


alia, and the Marchionate of Brandenburg : The 


Diviſion of both is more accurately inſtituted into 
XVII. Dukedoms. 1. Croſnenſem. 2. Saganenſe:. 
3. | Glogovienſem. 4. Jauravienſem. 5. 1 o%a ii 
ſem. 6. Lignizenſem. 7. Uratiſlavienſem. 8. Schwid- 
nizenſem. 9. Munſterbergenſem. Io. Oelſ/nenſem. 
il. Brigenſem. 12. Grotgavienſem. 13. Oppolien- 
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ſem. 14. Carnovienſem. 15. Iroppavienſem. 16, 
Ratiborenſem. And laſtly, 17. * if we 
Travel towards the South, from the North Weſt, 
we are wont to number by 7 Claſſes. | 


mm. 


CHAP. XIII. 


Of the middle of Europe, or of the laſt Country 
Germany. 5 


Fs 9 only remains, which requires, (be- 
cauſe *tis our own Country) a more larger 
Declaration; and *tis a Tract of Europe, between 
France, Italy and Hungary, as alſo between the mid- 
dle of Bohemia and Poland, by which alſo the 
Bounds are every where incloſed, if we add the 
Baltick Sea, and the outmoſt of Cimbrica Cher ſone- 
ſus, and likewiſe part of the Ocean on the North 
ſide of it. 7 
2. And the Diviſion of Germany was various, according 
to the Ancients, alſo in any place very uncertain, nor 
but leaning upon Conjectures; but the Diviſion at this 
time may conveniently be inſtituted into Provinces, 1. 
without the Communion of the Empire, and 2, Living 
within the ſame: To the former Claſſe, belong only the 
Netherlands and Helvetia. 
3. And the Netherlands is a Tract of Germany, ſituate at the 
Welt and North Angle of it, and extended through the long Se- 
rics of the Shoars of the German Ocean, with ſome Mediterranean 
Countries. ſpaciouſly extended or ſtretched out; ſo that the 
Bounds of the Netherland's on the North, is the Sea Coaſts; on the 
Eaſt 'tis bounded partly by the South and Weſt of the German 
Empire, and partly by the circumjacent Provinces of France. 
4+ At this time divided x into the free Netherlands, and 2 the 


Spaniſh, of which that is Eaſterly, this Weſterly z that finiſhed 


by VII. Regal Provinces, 1 of the Confederates, 2. this into X. 
5. The Confederate Provinces of the Netherlands, are numbred 
from the Eaſt towards the Weſt, in a contiguous order; 1. The 
Lordſhips of Groningen, with Omlandia, 2. Friſia. 3. Tranſiſa- 
lania. 4. Geldria, with Zutfania, 5. The Lordſhip of Utrecht. 
op TOR Eo 6. Holland, 


part I. Ch. xl. Of Europe: - beg 


6. Holland, and 7. Zeeland, although not all Geldria: but not 
withſtanding many parts of Brabant and Flanders belong to the 
Confederates Orders, fo nevertheleſs they obtain only VII. of the 


0 


aforeſaid Countries, by the right of Majeſty. 
6. To the Royal Netherlands, belong theſe Mari- 
tim Provinces, 1. Brabant. 2. The Marchionate of 
Antwerp. 3. Flanders, and of the Mediterranean. 
4. Arteſia. 5. Hannonia. 6. Namurcum, or Namur. 
Limberg. 8. Lutzenburg. 9. Mechline, and 10. 
Gilderland; the middle part of which (as tis ſaid) 
as yet is Governed by Spain; but Arteſia, by a late 
Peace, is Tranſlated from Spain to France. 
Tor Proceeding from the North Weſt Angle of 
Germany, to the oppoſite of it, South and by Weſt, 


where Helvetia offers it ſelf, which is a Tract of 


Germany, bounding Frence and Italy from the ſame ; 
of which that hath its Bounds on rhe Weſt, this on 
the South; on the Eaſt tis bounded by Sweed/and, 
and on the North by the fame, and A/ſatia. 

8. Helvetia in Old Time was divided into IV. Vil- 
lages, 1. Urbigenum. 2. Tigurinum. 3. Aventicen- 
ſem, and 4. Antuatem : afterwards it was divided 
in a twofold manner into A/emanny and Burgundy 
the leſſer; ſo it is at this day divided into IV. Lands, 
be. commonly ſeparated from Srweed/and towards 
France, into I. Turgoviam. 2. Zurchgoviam. 3. Ar- 
gobiam, and 4. Hiflisburgoviam. 

9. The Commodious Diviſion of the reſt, is into 
XIII. 1. The Villages of the He/verians, and 2. The 
Confederate Allies of Helvetia, and alſo 3. The 
Common People ſubject to the Empire. Of the Vil- 


lages, 6 are outer and 7 inner, in numbring from the 


Welt to the North, and thence to the Eaſt, being 
inſtituted Archwiſe, and ending in the very middle; 
where occurs, I. Friburg. 2. Bern. 3. Soloduria. 4. 
Baſile. 5. Schafhafe. 6. Appenze/la. Then 7. Uria. 
8. Underwald:ia. 9. Schwitzia. to. Glarona, II. Lu- 
cerna, 12. Iugium, and 13. Digurum, _ 
f e 10. 178 
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10. The Allies of Helvetia, are either Diſtrifts or I the 
ſingular Burroughs. Of the Diſtricts, the Eminent IN he 
are, 1. Of Rhetzs, 2. Of Valleſius; of which thoſe 
bend to the North Eaſt, but theſe to the South Weſt, I rate 
there is the Biſhops See of Curienſus, here of Sit. doi 
zenſus, being the beſt of States: But the Burroughs . 
or Walled Towns are, 1. St. Ga/!, towards the Lake He 
Acronia. 2. Rothwila, in Suevia. 3. Mulbuſium, in 
Alſatid. 4. Bipennium, about Bernam; nor far from 
thence, 5. Neocomum; and at laſt at the Lake Le- 
mannum. 6. Geneva. . 

11. The ſubjected People or places in common, 
(or at leaſt many of the Burrou Els) are Provinces 
or places of Juriſdiction, in number IX. to wit, 1, 

The County of Badens. 2. The free Provinces in We: 
genthal. 3. Turgea. 4. Sarunetes. 5. Rbeguſci. 6. Lu. 
ganenſes. 7. Locarnenſes. 8. Mendrifii. 9. Medio: 
Dal. lenſe 8 | | 

12. Hence at length proceeding to Imperial Ger- 
nany, which is all the remaining TraQ, extended or 
ſtretched out from the Ape, as well to the Germain 
as the Baltick Sea, and hkewiſe from Poland, Bohe- 
mia and Hungary, even to Helvetia, France and the 

Netherlands; where the ends of Germany eaſily ſhew 
themſelves together. | 

13. And indeed Imperial Germany is divided by 
publick Authority into X Circles, to wit, 1. Bur- 
gundy. 2. The Upper Rhine. 3. The Electorate on 
the Rhine. 4. Suevia. 5. Franconia. 6. Weſtphalia. 7, 
Bavaria. 8. Axſtria. 9. Saxony, as well the Upper as 
10. The Lower. Nevertheleſs, becauſe ſome Provin- 
ces are not comprehended in reckoning of theſe Cir- 
cles, we reckon whatſoever lies in a direct Line 
from the Helvetian Gulfs towards the North, and 
we make the beginning thence, again from the South, 
by proceeding to the ſame Coaſt; and we repeat the | ay 
ame again and again, until we have reckoned up al bur 
N | the 
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Part I. Chap. XI. Of Europe. 575 
the Regions of Germany, from the South towards 
the North, into 4 Claſles. 1 2 | 
14. In the I. Clafle occurs Alſatia, (the Imperial, or belonging 
to the Emperor) 2. The Palatinate of the Rhine. 3. The Electo- 
rate of Mentz. 4. The Electorate of Treves or Trier. 5. The Ele- 
Qorate of Cologn. 6. The Dukedom of Gulich, of Cleve, and of 
Mons | | 

15. To the II. Claſſe belongs, 1. Suevia. 2. Franconia. 3. 
Haſſia. 4. Weſtphalia. 5. The Dukedom of Bremen. 6. Holſatia. 

16. To the III. Claſſe belongs, 1. The Dukedom of Tirol. 2. 
Of Bavaria. 3. Of the Upper Palatinate. 4. Of Huring. 5. Of 
Brunſwick, c. 6. And the reſt is the Lower Saxony. | 

17. To the IV. and laſt Clafſe belongs, 1. The Archbiſhoprick 
of Salis burg. 2. The Province of 4uſtria. 3. Miſnia, and Upper 
Saxony. 4. The Marches of Brandenburg. 5. Pomerania, and 6s 
on the ſide, Caſſabia. | 95 

18. Under Afſatia, which the Landgrave attends, 
(part of which belongs to France) are comprehended, 
1. The Upper, and 2. The Lower, and allo 3. Bri/- 
2014; as allo 4: Baſile, the Biſhoprick ot Baſill. 5. 
Of S#ratsburgh. 6. Of Spire, and 7. Of Worme: But 
alio many Counties, 1. The Governments of S7we- 
ſtris and Rhene. 2. Of Leiningen. 3. Of Hanovien 
the Upper. 4. Of Rappo/ſtein, and 5. Of Kriechin- 
gen: And alſo ſome other Cities beſides theſe that we 
have Named. 9 

19. The Palatinate ef the Mine, not only 1. The 
Eighth Electorate at this day, bur alſo 2. Lat gelſtein. 
3. Birkenfelden. 4. Spanbeimen. 5. Bipontin. 5. Si- 
neren; and in which other Dominions are contained: 
To which we may join the Countys, 7. Veldentz, 
and 8. Erpach. 

20. The 3 EleRorates, r. Of Mentz. 2. Of Trieves, and 3. 
Of Cologn, require no curious Subdiviſion, unleſs that the two 
former be diſtioguiſhed now and than between the Palatines and 
the Haſſians; and the latter, although it be neither deficicut in 
them, it is not only encompaſſed by many Counties, but alſo 
numbers fo it ſelf the Biſhoprick of Leige, fituate between the 
Belzick Provinces. | | | | 

21. They conclude this I. Claſſe with, 1. The Dukedom of 
Glick, on the left fide of the Rhine. 2. The Dukedom of New- 
burg, on the right ſide of the Rbine, with the adherent Comm of 

2 | . Harche, 
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"Marches; and 3. The Dukedom of Cleve, beheld from both ſides 


of the Rhine, with the Lordſhip of Ravenſteinen, which is ſited 
beyond the Maes, towards the Weſt. ts 

22. Suevia begins the II. Claſſe, which is the Marchionate of 
Baden, ſituate not far from the right Shoar of the Rhine, and the 
Dukedom of Wirtemburg, (in which theſe things were written) 


about both ſides of the River Necker, as alſo the Biſhoprick of 


Conſt antien, joining to the Lake Acronius; then Auguſta; by the 
Danube, with many, x. Prelacies. 2. Counties, and 3. Imperial 
Cities, which are there. I. Elchingen, Zwifalten, Elwangen, &c, 
here. II. Eberſteinen, Furſtenburg, Solleran, Waldburg, Hel fenſtei. 
nen, Leoſteinen, Mont forten, the Government of Limburg, with 
others, Cc. III. And here the City Ausberg, Ulma, Memminga, 
Reuttlinga, Eſtlinga, Heilbronna, Bibracum, Lindavia, Ravenſpurg, 
Halla Suevorum, Nerolinga, Kauffhyca, and many others, c. 
23. Franconia touches upon Suevia, towards the 
North, a Tract of Germany, between the middle of 
both the Palatinates, which contains I. Marches, 
viz. I. Anſpacen. 2. Culmbacen, (or Bareiten) to- 
Weſt II. Biſhopricks. 1. Eithſteten, to 
the South. 2. Bumbergen; and 3. Herbipolen, (which 
alfo is a Dukedom of Franconia) fituate in the mid- 
dle, to the ſides of the Walls. Then III. Counties, 
1. Of Oetingen. 2. Hobenlohen. 3. Wertheimen. 4. 


Hanovien the lower. 5. Iſenburgen. 6. Henneberg. 
7. Schwar1izeburg; together IV. with the Imperial 
Cities Noriberg, Rothinburg, Winſhem, Suevofurt and 
Francofurt. | Hs 

24. Haſia or Heſſen ſucceeds this, a Tract of 


* 


Germany, between the Provinces of the Rhine and the 


middle IHhuring, in which are, II. Landgraves, 1. Of 
Ciſtell, and 2. Of Darmſtad, that Northern, this 
Southern, declining to the Weſt; but the outmoſt 


Provinces of it from the Eaſt towards the Weſt, and 
heilte towards the North, are Buchovia, there the 


Prelacy of Fulden, from thence the Abborthip of 
Hirſcbfcld, and the County of Zigenbeim, likewiſe 


Rhingovia, and a little beyond etteravia, and it en- 
tertalning the Counties of Naſſau, Solmen, Sa/men, 
Waldeccen, Witgenſtein, and many others in _—_— 
5 tric 


ſtrict (Weſterwald ) with the Imperial Cities Eid. 
berg, Wetzlar, Gelb. FS 
25. Weſtphalia joins to Haſfia or Heſſen, a Track 
of Germany, between the Rhine and the middle of 
k of the Dukedom of Brunſwick, divided into many Bi- 
the ſWſhopricks and Counties: of them, the greateſt and 
au Ide mean is NN or Monaſterium, on the right 
2 tide, Minden at Viſurg, and beyond is Verden, (now 
vith Nrwo Principalities) but back again towards Ami ſium, 
n;a, Mis 0/nabruek, and to the Faſt of Luppia, is the Bi- 
7% noprick of Paderborn; ſrom hence the Abbotſhip of 
| Grbejen, from thence of Eſſen: Then the Counties 
of Viſurg, are Schavenburg,, Hojen, Dieppold, aim 
Oldenburg : Of Amiſium, Ridberg, Thecklenburg. Lin- 
rn, Bentheim, and Oftfrifia, (now a Fincipafit/) Of 
lupbia there is Lippen, and in paſſing to Amiſia, the 
Lordſhip of Rabenſperg, with the adjoining Imperial 
City Lemgo * 
26. Then follows the Tract of Bremen, now a 
Dukedom, in old Time an Archbiſhoprick, between 
＋ irg and the Mouth of the Elbe and the German 


Sr Ka, alſo incloſed by theſe and the Shoars of the 
nd Rivers; and fo the middle is contained between the 


Dukedom of Lunenbure, which Icoks to the Eaſt; 
nd between Weſtphalie, which looks to the Welt 
of nd South 1 | | 
* 27. Having paſſed the River Ebb, you may behold 
Wile greateſt Province of the North of Germany, the 
{| WP kedom of Holſatia, and in the furtheſt part of it 
owards Futia, Schieſcwicꝶ: (beſides the leſſer Lord- 
lips of the Governors of Hol ſatiu, belonging partly 
o the King of Denmark, partly to the Duke of G. 
of : And the chief parts there, beſides certain Iſlands 
ad Peninſulas, are thoſe which are called at the 
Ocean, Ditmar ſia, at the E!b, Stormaris, at the Bui- 
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the South towards the North, is Tirol, a moſt No.fſ* * 
ble County, which is next to Italy, the Alps lying the 
between, and extends it ſelf about either fide of tel bet 
River Oeni us, even to Bavaria. 


oy » «4 - — & 


29. Thence is beheld the Dukedom of Bavariy incl 
(now-an EleQorate) occupying a great Tract of t- 
Danube, but the greater on the right fide, which pan whe 
of it is nearer Suevia, The 1. is called Bavaria Supe ©: ] 

rior, which looks true to the South. 2. Bavaria Inf. 
rior, containing alſo III. Biſhopricks, Ratisbon, ani 

Paſſauien to the Danube, Freiſingen to Iſura, toge 

ther with the Imperial Counties of Oyſenburg ant 

Rat 75bon. . RR 
30. The Superior Palatinate joins to Bavaria, to 


gether with the Landgrave of Leichtenburg, ſtretch 
ing out to ſome place between Franconia and Bohemia 
31. Proceeding. further is the Landgrave of Thu 
ring, and on the North fide is offered Voigtland; < 
which. the former contains the Principality of Goth: 
and Jſenac, towards the Weſt, but of Vinarien, to 
wards the Eaſt, with the Counties Hahenſtein, Stoll 
berg and Mansfeld: but the latter ( Voigtland) is di 
{tributed into the Diſtricts of Saxony and Brenden 
burg. and of the Lords of Reuſſen. U 
32. Interior Saxony Joins incontinently to Thuring 
and firſt of all the Dukedom of Brunſwick, with the ted 
Principality of Halberſtadt, and the Bithoprick ol Mas 
Hildeſe, together with the Imperial Cities Gotting 
 Goſlar and Nordhus: but in the former are the Pot 
tions, Zellen, Hanover, Guelferbut. _ 
33. Lavenburg ſhuts this Claſſe, and this the great 
er Dukedom of Mecklenburg divides, of which thay; 3, 
Diſtrict.in Serin, which. is moſt Weſtern, and Gf. T 
rovien, Which is moſt Eaſtern, is the Ducal, togetheſ ict 
with the Imperial City of Lwbeck, as alſo from tht 
by-Name of the Biſhopricks of Serin. Ibo n 
34. In the laſt Clas of the German Provinces 38 


the Calf. 
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| the Archbiſhoprick of Salisburg ſtands before the reſt 
between the Auſtrian and Bavarian Provinces, yet 
by means of the Mountains as it were, every where 
include. . "1 8 
35. Declining from hence à little ts the Eaſt, is 
where they begin the Provinces of Auſtria, to wit, 
I. The Government of Italy, with the Dukedoms. 
Iz. Carniola. Then 3. Carinthia, and further, towards 
che North Eaſt, 4. Stiria. And lafily, 5. The Arch 
Dukedom of Auſtria; all which they ſhew with a - 
dite never interrupted : And indeed Auſtria, properly 
ſo called, is divided by the River Anis, into 1. The 
Superior, and 2. The Interior, and both ſpaciouſly 

ſpread about the 2 ſides of the Danube. © 
36. From thence afterwards interpoſes Bohemia. 
it comes to Miſzia and Upper Saxony, which on the 
Weſt is beheld the Principality of A4rþ4/tine and 
the Archbiſhoprick of Magdeburg, but on the Eaſt, 
concurring with the North Site, is beheld Lu/atia: 
and indeed in Miſnia are found beſides, I. The Ele+ 
dtoral Dominion, and 2. The Saxon Altenbusg, alfo 
3. Mersburg. and 4. Naumburg, in Old Time Bi- 
ſhopricks, now Principal Seats : But the Principality 
of Anbaltine, with the County of Aſcun, is diſtribu- 
ted into little Lordſhips. The Archbiſhoprick of 
Magdeburg expects ſhortly a new Converſion. Laft- 
y, Luſatia is divided into 1. The Upper, and 2. The 
Por Lower, of which that is Hexapotitan, this Tripoli- 
tan; and now alſo contains the County of Promni- 

Teal Sen, | we ns N 1 „ 
37. Moreover, by an orderly Series, follows the Marchionate 
A of Brandenburg, which is ſeparated into 1. The Old. Marches, and 
Juſt The Midle. 3. The New, and 4. Uzggeren, and alſo the Pi- 
ethelll tric. 5. Brignich, from the Eaſt to the North; and g. Sternberg, 
1 the from the Eaft to the South, where joins Polania it ſelf, wirhy the, 
| Biſhoprick of Halverberg, which receives its Name from the River 
Jo which it is fited. . 


nces 38. Pomerania follows, with its Collaterals, towards the Eft 
the Caftbia, both of which pretend to the Baltick Se, this to nde A 
| | Ps 2 nt 
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that nigh to the Mecklenburg Dukedom; from which, although 
the latter be not ſubdivided, yet the former, (to wit, Pomerania) 
either, 1. tis on this ſide, or 2. beyond; here, the Biſhoprick of 
Can inen, there, ſome Iflands belonging to the ſame, having firſt 
Ruzia, (a Principality) agreeing to it ſelf. 45 

39. And indeed this Diviſion of the Land or World, taken 
from the diverfity of the Inhabitants, is bounded by us ſo, that 
the demonſtration of the Globe and of Maps may ſupply the reſt: 
but the general Knowledge of the Wet and Dry parts of the Earth 
or World, the 2 Tables aanexed at the end of Geography will 
much promote. | 


CHAP: XIV. 


Of the IV. Diſtindliun of the Terrene Globe, taken 
rom the Circles adſcribed to the Terrene Globe by 
Imagination. Fig. 192. | 
I.FNIRCLES, by which alſo the Terrene Globe is 
diſtinguiſhed, are obtained trom Aſtronomical 
Doctrine and from Heaven, and are ſo applied to the 
Earth, that they are directly ſubjected to the Hea- 
venly, and anſwer in proportion to them. 
| 2. And theſe are AP 
1. The Rational and Viſible Horizon. 
2. The Meridian of any place. 


3. The Equinoctial, or the Equator. 
4. The Parallels of it, to wit, the two Tropicks and the two 


Polar Circles. | 


The Deſcriptions and Diſtinctions of theſe Circles, are delivered be- 

fore in Aſtronomy, fo that there is no need to repeat them in this place. 
3. Theſe Cireles are divided into two portions : For 

1. The Rational Horizon, diſtinguiſhes the Earth into the upper 
and lower Heiniſphere. | 

2. The Viſible Horizon, into the upper part, or that appearing 
to the fight, and the hidden or lower part. 

3. The Meridian, diſtinguiſhes the Eaſtern part from the Weſt- 
ern, or the fore part from the hinder. . 

4. The Equator, laſtly, divides the Terrene Sphere into the 
Northern half, in which the North pole is; and into the Soutli- 
ern half, in which the South pole is found. | | 

Note, I. In the Terreſtial Globe theſe Circles are found, in the ſame 
manner alſo as in the Celeſtial. | 1 75 

2. The ſame alſo are depicted on Charts er Geographical Maps, 11 

| day: 1 
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well Univerſal as Particular, which are ſubjected to one or the other. 
3. In others, ſited without the Parallels of the Equator, thaſe that 
ftund or are uſed inſtead of the Equator and of the Meridians, are ſhewn 


by the Columns depicted on the ſide of the Chart, and divided-into De. 


grees and Scruples or Minutes; of which, thoſe that tend from the Eaſt 


fo the Weſt, ſhew or relate to the Equator, and thoſe from the South 


jo the North, ſhew the Meridians, 


CHAT If 
Of the ZONES. 


of Hae Equator, with the two Tropicks and Polare, 
| diſtinguiſh the Earth into Zones. | 


2. Thoſe gre the greater Tracts of the Earth which are inclu- 


ded by the 4 parallels of the Equator, encompaſſing the Earth as 
it were, by a Girth or Girdle. Fig. 193. 

3. And of them, they number 5, one Torrid, two Temperate, 
and two Frigid Zones. — 

4. The Torrid, (ſo called, which is as it were burnt by the heat 


of the Sun ) is the ſpace of Earth contained between bath Tropicks, 


from the Equator paſſing through the middle of it. 

Therefore ſince the Sun is perpetually converſant 
tetween the Trepicks, nor goes not out from them, its 
Beams indeed for the moſt part being dirett, cxcites 
great beat, yet not ſo much as to make this Zone. 
Unhabitable, as the Ancients believed; for Men In- 
havit commodioufly enough under the Equator it ſelf 
alſo, as is found at this day by many Navigations: 
for this Zone is made Temperate, (a{ſo ſince it ought 
lo be moſt hot, by reaſon the Suns lying upon them) 
amoſt by perpetual Showers of Rain, and by a Cloudy 


llzaven, and by cold Winds blowing from moſt high 


Mountains, which in thoſe Zones are nevertheleſs 
ferpetually covered with Snow, az 15 1eſttficd by theſe 
ao have ſcen it themſelves, by many Jears experi- 
ence in thoſe places. | | 

5. The Frigid Zones, (fo called, becauſe they Freeze continually 
wth cold Clouds and Ice) are a ſpace of the Earth, contained be- 
tveen either polar, and near the pole of the World. 
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even as if any one ſhould move his Finger mar 10 the pi 


J. The Temperate Zones, are the ſpace of Earth 


by the Southern Polar. 


than at Right Angles, nor alſo are they Parallels, but Oblique in theſe 
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6. One of theſe which is included by the Polar and de 
the North Pole, is called Northern; and the other, wa 
intercepted by the oppoſite Pole and the Polar, is lat 
the Southern. a 
' Alſo theſe Zones, by reaſon of the great coldneſs 1 '** 
the Ancients believed them to be not Habitable; but 
at this day, although under theſe Poles themſelves, u « 
Man as yet hath come, yet tis known for certain alſ thr 
that Men Inpabit within the Northern Polar Circle Nl 
And the augmented Cald of theſe Zones is, becauſe they ¶ cc 
want the preſence of the Sun, which is the Fountain «1 
of heat, almoſt the greater part of the Tear ,, and if when K 
its Beams ſhine, yet thoſe Parallels receive no heat; 


tide of a burning Candle, he would alſo perceive little th: 
of beat. 


contained by either Tropick and the next Polar. 

8. One of theſe, which is included by the ue 
of Cancer and the North Polar, is called he Nort her 
Temperate, which we dwell in: The other is the 
Southern, included by the Tropick of Capricorn, and 


And they are called Temperate, becauſe the Sun Beams are les 


Zones, making the temper of the Air grateful. 


CHAP. XVI. 

Of Climates. t 

8 TE other Parallels of the Equator diſtinguiſh » 
& the Far into Gir 

2. Thefe are a ſpace of Earth comprehended be- u 

tween 2 Circles, parallel to the Equator, in which © 


the longeſt day varies half an hour. 


3. Ever one conſiſts of three Parallels, of which, ti 
gne is the beginning, the ſecond the middle, the third . 
ME >, "rt. E determines 


Part T.Chap; XVI. Of Geography. 583 
determines the end of the Climate; yet ſo, that al“ 
ways the end of the former is the beginning of the 
latter. 5 Wo I $3 9 SHAW - #2 W 
4. The meaſure of diſtance, of each Parallel from one another, 
is a Quarter of an Hour. Dean SSRN EEE INNS 
5. And they are numbred from the Equator, as well to the 
South as to the North; in a like manner TE 
5. And they are named indeed Northern, from the places 
through which the middle Parallel of each Climate paſſes; and 
the Southern are named likewiſe from the ſame.  _ .. 
7, And although all Climates are conſtituted to the equal in- 
creaſe of the longeſt day, and ſo arè like, yet they are unequal, 
as well in the Ratio of Longitude from Eaſt to Weſt, as in the 
Ratio of Latitude from North to Sourh. VV 
In the ratio of Longitude. 
For Parallels of the Equater, "by how much they are nearer to the 
Pole, they become the leſſer , whence alſo the Climates, by hom much 
they are nearer to the Pole, they arg, made the leſſer. 
N In the ratio of Latitude. | | 
In libe manner, by how much they are nearer to the Pole, thy 
are made more narrow; for the Inhibitants of the Earth, by how much 
nearer they come to the Pole, ſo much a greater Arch of the longeſt day 
ic advanced above the Horizon, and ſo much more alſo the longeſt day 
varies in a ſmall Interval: Whence alſo it comes to paſs, that the 


* 


gur allel paſſing through the middle of the Climate, is nearer to the end 


* 


of it than to the beginning. | 5 

9. The Ancients made the firſt or beginning Climate in that 
place, in which the longeſt day contained 12 Hours and 4, that is, 
Minutes $45,200 they numbred them even to the longeſt day of 


16 Hours: Whence only 7 Climates was begat by them. 

That came ti paſs from this, becauſe the places near 
to the Equator and Poles, and the other places fur- 
ther off, were unknown to them; neither could they 
believe them to be Habitable; otherwiſe without doubt, 
they would have placed the beginning of the firſt Cli- 
mate in the Equator it ſelf, and have numbred them 
to thoſe places, in which the length of the longeſt day 
was equal to a Natural day, as the Moderns are 


wont to do. | 


The chief uſe therefore of Climates at this day, ig 
to apply. them to the underftanding and exploining 


the Writings of the Ancient Aſtronomers, Gæogra- 


Pp 4 155 Phers 
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phers and Phyſicians but at this day the uſe of then 
7s not ſo frequent; for inſtead of mentioning of this or 
that Climate, we 1 77 ſually expreſs the Altitude of this 
er that Pole, or:the Parallel of the ee, which 
paſſes f 15 Place. _. ” 17 


7 
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” th di _ the Inhabitants. of the E I in 
7 — 05 of Shadows. 10. 


„AA to the diverſity of Zones, diverſity 
of Shadows alſo happens to the Inhabitaats 
of rhe ſame, which their Bodies calt from themſelves 
in the Noon tine. 

2. Hence ſome are called. A 10 J Pers Anpbifi 
others Heteroſcij, others Periſcii.. £® 

3. Aſcij, are choſe which have no Meridian Sha- 
dow, as thoſe which dwell between the Tropicks 
e 4 Torrid Zone, as often as the Sun paſſes their 
ertex. 


7s always caſt in the oppoſite part ta the Luminous Bo- 
dy ; therefore ſince thoſe to which the Sun is Vertical, 
have not an oppoſite, unleſs the Soil or Ground on 
which they ſtand, and which they hidę with their Feet, 


therefore they cannot caſt a Shadow from themſelues. 
4. A nphiſcij, are thofe whoſe Meridian Shadow falls as well into 

the South as into the North. 

Pom this cauſe they are ſocalled, as it were caſting a Shadow on 

both ſides; this happens to them which Inhabit in a Torrid Zone, be- 

tween the Tropichs, when the Sun departs from their Vertex towards 

the North or Sonth. 

S8. Heteroſcij, are thoſe whoſe Meridian Shadow i is always ar 
towards one part only, either North or South. 


*Z nes, the Vertex of which the Sun never touches, 
much Jeſs never paſſes over or beyond for they which 
Lide in 4 Northern I empe rute Zone, caſt their Me- 
42 10 | ridian 


For 1 be SG BK. an Opaccus or. Shadowy Bai 5 


That is done among thoſe who dwell in Barre 
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bem ¶ ridian & hadow alſo in the fame manner Northward : 
or But they which Live in a Temperate Southern, caſt it 
this ¶ towards the South, = 50 VVV 
bich 6. Laſtly Periſcij, are thoſe, as if we ſhould ſay they carry their 
; -* MW Shadows round about, the Shadow of whom is carried round about 
7 in the Orb, and falls on all parts of the World. 

— This happens to thoſe who Live in the Frigid Zones under the Poles, 
0 for to thoſe the Sun every Tear is turned about above the Horizon, for 


about in the oppoſite part. 


4 
„ 
r 1 - [1 2 — 0 » 5 
a. tt... -— 1 8 MEET, 4 
— * * — — 


* er. 88 1 : ih . = "17 | 
79 We CHAP. XVIII. 
as BN of the diſtinclion of the Earth, by reaſon of the Si- 
4, tuation of the Inhab:tants. 
fi FROM the comparing of the Meridian with the 
> MW -£-+ Parallels of the Equator, the Inhabitants of 
the Earth are diſtinguiſhed, by reaſon of their Site or 
Situation, into Periæcij, Antæcij, and Antipodes or 
Antichihones. f HR . 
5 2. Periæcij, are they who dwell under the ſame Meridiat and 
-« kaerallel, but in divers halfs of the Meridian, and in opꝛé e 
* points of the Parallel. Es or IE 
This our Perizcij are the Americans, which Inhabit in New 
7 7 England. ; þ RI . 
p, 


Mn oppoſite to one another, who Live under ang Meridian, and. ia 


t, the ſame half of it, but under divers Parallels, equally remote fam | 
a the Equator towards each Pole... N . 
0 In th manner our Antæci 


1 * 


N ' . % Ant 


4 5 


f polite. | es 


.. Therefore our Antipodes dwell in the - Southern | 


Land, which are ſœœb as nd. Man as yet bath found 
Ott. 3 | # ot 8 | 7 . . 
Nor yet is it to be doubted concerning them, even 
as Aiiguſtin doth in Book 16. Chap. 9. de Cut-e 
i % 7 192 5 ' 74 . ; - FER Der 
* 3 5 : 52 
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ſome days, without ſett ing; by which aljs the Shadow myſt needs £0 


3. Antecij, are thoſe whoſe Shoulders are as it were, mutually 4” ; 
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Dei, where he ſaith, but they alſo who are the Re. 
; porters of Antipodes, that is, Men on the contrary 
part, where the Sun ariſes when it ſets with ns, 
treading with their Feet by adverſe Foot Steps, arte 
in no manner to. be believed. =. 8 
The Example of this Great Man puts us in Mind, 
that we rejed not raſbly, that which ſeems nem and 
incredible to us, left the ſame happen to us as to Au- 
guſtin, which daily Experience convinces, for al. 
though our Antipodes are not as yet found out; yet 
there are known the Antipodes of others; for inner 
Lybia is a/moſt preciſely oppoſite to India. See Flg. 94. 
In this Fig. AB CD 7s the Meridian, deſcribed 
in the Terrene Globe, from the centre E; the right 
Line A E C repreſents the Diameter of the Equator, 
whoſe Poles are B and D: The right Lines FG and 
I K repreſent the Parallels of the Equator, or rather 
the Diameters- of them, equally remote on both ſides 
from the Equator. | 
> Tberefore they that Live in F, have Periæcij dwel: 
Ihe in G, Antæcij in I, Antipodes 77 K. OED 
But they that Live in I, have their Pers 
Antæcij in E, Antipodes n . 
Ĩ)z!hberefore tis to be noted : 
That, as the Tnbabitants in à right Spherb, under 
the Equator it ſelf, have no Antxcij, but Antipodes 
between Peræcij; /o alſo theſe 1175 both Live in a 
right Swere, and Inhabit under the Poles, are An- 
tæcij and Antipodes among themſelves, having 10 


cij in K. 


Periæcij. 
eee, 
Of the diſtinction of the Earth, with reſpe# to the dr 
4 F vers Poſitions of the Sphere. — 
aN and the Horizon, according to the 
: divers Poſitions to one another, diſtinguiſh 
the Earth into a right Sphere, an oblique, and a Fa- 
tallel Sphere. N 2 4 
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2. A right Sphere, is that in which the Horizon 
and the Equator, cut one another at Right Angles, 
and either of the Poles is raiſed above the Horizon, 
the other is depreſt, below the ſame. | 

3. A Parallel Sphere. is that in which the Equa- 
tor is made Parallel to the Horizon, and either of 
the Poles, with the Vertical Point, falls in with the- 
other oppolite- to it. . 0 

His diſtinclion belongs not only to Aſtronomy, but 
alſo and indeed properly to Geography, for it depends 
not from Heaven, but from the Earth, in divers pla: 
ces of which alſo they have an Accident of Heaven, in 
a droerſe manner; which Variety is conſidered in Ge- 
ography. © 5 3 
4. A Right Sphere, is only fo, of two Parallels, 
one North, the other South; but of oblique, the 
variety. is innumerable, according to every elevation 
of the Pole, as well towards the North as towards 


the South. TY 
5. Yet in the whole, are choſe 7 poſitions of Spheres towards 
the North, the Accidents of which are wont to be conſidered. . 
C For what is ſaid concerning theſe, may be obſerved alſo concerning 
like poſitions on the oppoſite Southern part, by only obſerving the of Fer- 
ence of oppoſites, and may be underſtood in the ſame Coaſt, according to 
more and leſs_) Fig. 178. | 
6. The firſt Poſition therefore is of them, who Inhabit in a right 
Sphere under the Equator it ſelf, | Ty 
The Accidents of theſe are 


I. They have perpetual Equinox, and nat only the days are 
equal to the Nights, but alſo the days are equal to all the days, 
and the Nights to all the Nights. 5 5 

2. All the Stars, which are in any place in the whole Heaven, 
ariſe and ſet daily; neither is there any which eſther ſet not, or 


always remain hid under the Horizon. 


3. The Sun paſſes Yearly twice through their Vertex, to wit, 


when tis converſant in the Equator it felf, and then makes them 
without Shadow; in the other time, in which it departs into the 
North and South, it makes them Amphiſcij. = | 

4. They have indeed always Summer or heat, but twice aug- 


mented when the Sun becomes Vertical to them; but more flick 


when it departs to the fides, | 
10 $2 5 's 3 a this 
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_ CThis departing of the Sun makes as it were Winter, yet more fer- ¶ ſtai 
vent, if the Air of the ſame be temperate among them, than our Sum. but 
mer in; for as much as the Sun when ſhe departs fartheſt from them, 
yet ſhe is ſtill nearer to them than when ſhe approaches nigheſt to us. mu 


5. In this Sphere Periæcij and Antipodes are the I wh 
lame, and to theſe, the Day and the Night exchange WI. 
between themſelves, and by turns. me 
8. The Second Poſition of the Sphere, is of them Ii Ane 
who dwell in an Oblique Sphere, between the Equa- | 


tor and the Tropick of Cancer. Fig. 196. Po: 
| The Accidents of theſe are col 
1. They have only two Equinoxes, from the Sun i 
being conſtituted in o V and 2. Ni 


2. Some Northern Stars never ſet; on the contra- ¶ ate 
ty, ſome Southern never riſe: and theſe two Acci- the 

dents are common to every Oblique Sphere. the 
3. The Sun alſo is Vertical to them twice in every er 
Year, from thence the departs farther into the South I by 
than into the North, which makes them alſo partly St 
Aſcij and partly Ampbiſcij. 5 8 
4. They have two Summers, by the Sun paſſing 0b, 
their Vertex; alſo as it were, two Winters, but un- An 
like, ſuorter and warmer, (which, yet with reſpe& I 
to ours, may be thought as if they were Summers) by | 
the Sun being converſant in the North; and longer il w 
and colder when the Sun departs from their Vertex I 
into the South. _ : 

F. Periæcij, exchange the Noon and Midnight, 
likewife the time before Noon and Afternoon; yet I ©! 
it may come to paſs in the longer days, that they ine 
both have the Sun above the Horizon; but to theſe af 
tis Oriental, id thoſe Occidental: The contrary hap- 
pens if the day be ſhorter than its Night, to wit, as I the 
the Sun exiſts beneath the Horizon to both, but a- 1 
gain to theſe Eaſtern, to thoſe Weſtern : But the A- 
7eci; change the Stars riſing and ſetting, for thoſe J . 
Stars which to theſe always appear, to thoſe they 
are never ſeen, and the contrary ; Moreover, notwith- || 

11 85 ſtanding 
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ſtanding they exchange nor indeed the viciſſitude, 
but the length of the day and of the Night, for how 
much the day is there, ſo much the Night is here; 
when the days increaſe with us, the Nights increaſe 
with them; alſo they have Summer and Winter a- 
mong them in an oppoſite manner to one another, 
and *tis Winter there, when to theſe tis Summer. 
Laftly Antipodes, even as they have an oppoſite 
Poſition by the Diameter, ſo all theſe Accidents are 
contrary to them. 1 
For when theſe have day, their Ani ipodes have 
Night; when the days are at longeſt to them, they 
are at the ſhorteſt to theſe, when *tis Summer to 
them, *tis Winter to theſe: In the ſame manner alfo 
the rifing and ſetting of the Stars is in a diverſe and 
contrary manner; thoſe Stars which are always ſeen 


by them, are never ſeen by theſe; in what moment a 


Star riſes here, in the ſame it ſets there. 


And this exchanging takes place alſo in all other. 


0bligue Spheres, by reaſon of Periæcij, Anxcij, and 
Antipodes, that it will not be needful to repeat it in 


what follows ) 
9. The third Poſition or Situation is of them, of 


which the Vertical point falls in with the Tropick 


of Cancer. Fig. 196. 
The Accidents of theſe are | 

1. All the Stars which the North Polar Circle 
contains in its Ambit or Compals, are always appear- 
ing; bur thoſe that are about the oppoſite Polar are 
always hid. 

2. The longeſt day is. from the Sun paſſing through 
the Zenith; the ſhorteſt, if it be moſt remoce from it 
to the South. N | 

2. The Sun becomes Vertical to them once only, 
when the enters Cancer, and then they are fer : 
and fince the Sun aſcends not further into the Norch, 
they begin to be made Hetergſch; and this 1s 13 
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firſt place of them, in which the Meridional Sha. 
dow fails. 5 
4. There is one Summer, — the Sun being con- 
verſant about the Zenith: Winter tö the oppoſite 
places, and here alſo the Torrid Zone leaves of. 
Io. The fourth Pofation is ours, which inhabit be- 
tween the Tropick of Cancer and the North Polar, 

in a Temperate Zone: Fig. 1719. 
. Therefore to us theſe things happen. 

1. Many Stars either never appear, or never ſet. 

2. The greater inequality of the Days and Nights 
1s. conſiſtent between 13 and 24 Hours. 

3. The Sun never becomes Vertical to us, whence 
we ate neither Aſcij, nor Amphiſcij, but Heteroſcij. 
4. We have one Summer and one Winter, but un- 
like; for places nigh to the Tropick perceive greater 
Summer and leſs Cold: It happens contrary among 
thoſe who come near to the Polar, the Temperate- 
neſs is mixt in a mean of Cold and Heat. 

11. The fifth Poſition of the Sphere is of them, of 
Tp the Zenith reſteth in the Polar Circle it ſelf 

72. 180. 


lr 


The Accidents of theſe are 

1. All Stars, whoſe declination is greater than the 
Obliquity of the Ecliptick, either ſet not, if they are 
Northern; or riſe not if they are Southern. 
2. The longeft day is of 24 Hours, the Sun being 
eonverfant in the North; the ſhorteſt Night either 
2 Moment or nothing; and the contrary, if the Sun 
be converſant in the South, the longeſt Night is of 
24 Hours, and the ſhorteſt day is either a Moment or 
nothing; and in this place the divifion of the Natu- | 
ral day ceafes into an Artificial Day and Night, by 
conſuming the whole Natural day, by Day or Night. 

2. Therefore the Center of the Sun touches or 
ſhaves the Horizon twice every Year, either by riſing 
or ſetting; to wit, in the Tropical Points, which 
touch the Horizon. = 4. The 
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4. The Sun at Noon Time is always beheld to 
the South, only in the Tropick of Cancer, the Sun 
deſcending to the Circle of Midnight, may be beheld 
alſo in the North; therefore here the Heteroſcij 
leave off, and the Periſcij begin, which been 
have a Meridional Shadow only once in a Year, and 
is caſt ad inſinitum, by the Sun, as is ſaid, occupying 
che Tropick of Cancer, and deſcending to the Circle 
of Midnight. 8 5 


5. They have one Summer and one Winter, but the 
Winter ſo cold, as their Summer is warm, which 


Live under the Tropick; but the Summer not more 
warm, than is the Winter of the ſame. | 

12. The ſixth Poſition is of them, whoſe Zenith 
conſiſts between the Polar and the Pole. Eig. 199. 


In theſe Places. 


r. Few Stars riſe and ſet; to wit, which decline 
not much from the Equator; the reſt are either al- 


ways converſant above the Horizon, or always be- 


neath the ſame. 


2. They have an Equinox, as other places of the 
farth, by the Sun being in y and ; but in two de- 
grees of them, of which the Declination North is 
equal to the diſtance of the Pole of the Equaror 
tom the Zenith, the Artificial day is of 24 Hours, 
leaving only ſuch a Moment to Night; thence the 
day is perpetual, as long as the Sun is converſant 
in the remaining Arch: The ſame happens to the 


Night, in the oppoſite Signs. 


3. Therefore the Sun conſiſting in that point, as 


ell Northern as Southern, the declination ot which 
is equal to the diſtance of the Pole and Zenith, four 


times in every. Year it lightly touches the Horizon, 
in the Section of it with the Meridian, beſides by 


the Eaſt or Weſt. 
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4. The Sun being conſtitute above the Horizon 
in the upper half of the Meridian, is beheld in the 
South, but in the neither or lower half, ſhe is be- 
held ſome days in the North; whence they are Pe. 
riſcij, caſting the Shadow into all Coaſts, yet ha- 
ving the Southern longer.than the Northern. 

F. They have one Summer and one Winter, but 
the Summer like to our Winter; whetice thoſe pla- 
ces always rage with Cold; that the Snows and Ice 
permit acceſs to the Sea, by refolute Sailors, only 
2 Months. | | % 

13. The Seventh and laſt Poſition of the Sphere, 
is the Parallel Sphere it ſelf, of them who inhabit 


under the North Pole, and have it for their Vertical 


„ 


Point. Eig. 181. | 
The Accidents of theſe are 

1. Of the Fixed Stars, none ariſe nor fet, but one 

half of the exerciſed Stars are always ſeen in the 


Night, the other always lye hid, as well in the 


day time as the Night. 
2. The Artificial day is extended an whole half 


Year, as is alſo the Night; and the Sun ariſing in 
the Vetnal Equinox, conſtitutes a motion, not Di- 
urnal but Proper, and ſets when it deſcends to the 
Autumnal Equinox. | | 

3. To theſe the days are turned about in the Ho- 
rizon, to all the reſt they are turned about either 
above or beneath the Horizon. 


(Hence it appears, that the Prophets and the E. 


vangeliſts in deſcribing the Holy Scripture, reſpefi- 
ed the Inhabitants not otherwiſe, but only by their 
Countries: for if toe would refer the Deſcriptions of 
them to all parts of the World, in theſe places, from 
the 2 days of the Interment of Chriſt, would be made 
3 Tears, and from the 7 days of the Creation, would be 


made 7 Teer.) a 
. 4. For 
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4. For as much as among thoſe who Live under 
the Polar Circles, neither any Star by a Diurnal Mo- 
tion, either riſes or ſets, nor does the Pole incl ine 
more to any part of the Horizon than to another; 


therefore neither is any thing Eaſtern nor Weſtern, 


nor Northern nor Southern, unleſs, with reſpect to 
the Equator, the oppoſite Hemifphere of them that 
are Northern, may be faid to be Southern: Hence 
alſo they caſt Shadows alike into all parts of the 
World, by reaſon of the Suns being carried round 
about; and they are half of Peri/cz7, having no Pe- 
riſcij: Antæcij are made Antipodes, and they retaih 
their Properties for the moſt part. a 
5. They have no Summer, but always Winter; 
ret ſome few days they perceive only fome ſmall 
lecknels'of.Coldo.. e et bee 

(For no Beams of the Sun ſhines on them in a whole 
half Tear; in the time F4 the other balf Tear they are 
bery Oblique; neither do they beat any thing: But 
alſo the cold Winds blowing from the places round a- 
tout them, do not a little hinder this heat of the Sun, 
& often as the Winds blow; and ſo an hard long Win- 
ter hath almoſt no remedy, although thoſe long Nights 
of Darkneſs admit ſome Remedies : The which are) 

1. The Sun Beams riſe above the Horizon, al- 
though the Center of the Sun lye hid as yet 15 Mi- 
mutes beneath; which cauſe, adds 16 days time, in 
ee oo ET 

2. Refraftions in the Air, ſhewing the preſent Sun, 
o—_ indeed as yet it keeps at a diſtance. ” 
3. Twlights, which dure tlie greateſt part of 
the Night. 5 „ 


4. The Moon, in the oppoſite Arch of the Sun, 


Aways ſhining with a full Orb. 1 8 

5. The North Pole, by reaſon of the Eccentricity 
of the Sun, gains 8 days befœe the South Pole, 
Mich adds to the length of their day. | 


q 6. In 
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6. In which almoſt continual burning Gulisappai , 
( And theſe things concerning the divers Poſe all - Fr 
of a Northern Sphere, which, if they are aſcribed call 
the oppoſite Signs, then preſently ate had the propm * 7 


tiesof the ſame, in like Poſitions of a Southern Sphen Lit 


— —— — —.—ͥ6Qͥ of 2 
Of the Longitude and Latitude of Places. I f 
1. T He Meridians, and the Equator, with its Para is n 
IJ  lels, ſhew the Meaſure, and Terms or Limit 6 
of the Longitude and Latitude of places. Eig. 132. eit 
2, The Longitude of a Place, is an Arch of the Equator, or of C 
a Parallel of it, numbred from the firſt Meridian, to the Meridi 

of the place, from the Weſt into the Eaſt. | nun 
3. The firſt Meridian, according to Old Time, was that whid Torr 
was drawn through the Fortunate Tands, but at this time, til 7 
that which is drawn through the Iſlands of Cor vo, or of M ive] 
Green Promontory. —__ = "up 

None is firft in Nature, as there is neither begin 12 
ning nor end of a Globe; but the Meridian pajji 15 


through the Fortunate or Canary Hands, was account 
ed for the firſt, by Ancient Inſtitution, partly becau| 
Nature it ſelf had made the beginning there, of Ai 
ca and Europe, and partly becauſe that places non 
Weftern were unknown 10 the Ancients. 
Therefore after that, at this day, the vaſt Count 
of America being found out, it was noted as it wer 
a new Orb, and the Modern Geographers have tran 
ferred the firſt Meridian, in places more Weſterly 
and they begin them from thoje Iſlands, in which the 
Magnetick Needle bends or turns preciſely to th 
Pole of the World, which are called the Ijlands 9 
Corvo, or the Green Promontory ; and are 10 Degrees 
more Weſterly than the Canaries. _ | 
But we, according to the Ancient manner uſed by 
Ptolomy ; in this Trad, make the beginning of nun. 
bring of Longitude from the Fortunate I/ards. 1 
| 4. Je! 


[ 
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fitin 
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vbere 


idfan, intercepted. between the Equator, and the Pa- 
rallel paſſing through the Vertex of the place. 

Therefore the Parallel of à Place being given, the 
Latitude of the place ir alſo given; and the Latirude 
of a place is always equal to the elevation of the Pole, 
ar hath been ſaid before. 

5. And the Latitude is tivo fold, Northern, which 
z numbred towards the North; and Southern, which 
is numbred towards the South. _ 

6. And both, as well Longitude as Eaithde 18 
either of the whole Earth, or of the known Earth, 
or of a certain Country, or of ſome particular place, 
mmbred either from the firſt Metidian, or from 
lome . Mh rticular place. 

hence the difference of two places ariſes, as 
well of Longitude or of Meridians, as of Latitude, 
cr of Parallels of the Equator, which may be known 
you ſubtrack the leſſer Longitude or Latitude from 
the greater. 


Thus far f the I, Part of A 
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1 0 * the Dimenſio on ch the Terrens Globe. 
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4 by I Meafuring the Earth, three 5 are a 
I. That which is to be Meaſured. 
2. The Meaſure. 


* he manner of Meaſurin ; 
Trey * ö a CHAP: 


Pa 4. The Latitude of a Place, is an Arch of the Me- 
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1er b of Meaſuring. 


Here: are may things, the Dimenſion of which 
is ſought in this Geographical Science. 
1. The Perimeter. or the Ambit of the greatel 
Ciccle i in the Terrene Globe. 
2. The Diameter, and S -midiameter of the ſame, 
3. The Area, of any. greateſt Circle. | 
Wy The Permiter, Diameter, and Semidiameter 
of the Parallels of the Equator, and of the leller 
. 
a oy be Convex & uperficies of the whole T erretie 
obe. 
6. The Solidity or Groſsneſs of che fame, confilt 
ing of three Dimenſions. 
7. The Amplitude or Largeneſs of the Zones and 
Climates. 
a 8. The Longitude and Latitude of any Region of 
ace. 
9. The Diſtance of two places, as well in Degrees 
as in Miles, Oe. | 


— — 2 1 


— ir 
Of Meaſures uſed in Meaſuring of the Terrene Globe, 


HE Meaſures with which we e Meaſure the Ter- 
rene Globe, are. 

1: Arches of Circles, every one of which in like 
manner as in Altronomy, is divided into 360 De- 
grees, and one Degree into 60 firſt Minutes or Scru- 
ples, and each firſt Minute contains the ſame num- 
per>erSoſecondtMinntes,” and ſo o. 

: 2. Schwaben German Miles, are determined or li- 
mited by a Journey of two Hours: 

2. Italian Miles, or Ancient Roman Miles, 8 of 


whi ch conſtitute one German Mile, witneſs Liph Hs. 
4. Stadiums 


2 . 
” .- — & 4 * 
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4. Stadium m Furlongs, & of Wich make a Ko- 
| man Mile, and a. Germanione.”! © 
: . A Pace in going, or 5 Foot, of which. 25 are 
lich 3 in bne Stadium, 1 in à Roman Mile. 
6 Feet, five of which make. Aan 3:59 0:5 
telt 7 Perchec conſiſting of ſome Feet, according to 
he Inſtitution of any 18 whence they Are de- 
e. nominated; Ten Feet, Twelve F cet, _ Feet, 
| Steen Fert and an half] Has ont 
ter i 8. Inches; i0r a: Fingers breadth. and an be 12 
ler N of which make one FD Ot. 
II. Concernigg thats Meaſures, we wuſt datt that i +6728 


ene Wl Meaſure them by Right. Lines, they are Lines having only tengttr; 
| but if we would Tre 'Superficles or Areas, they — 8 


i. Quadrate Superficies, ſtretched out equally into Length and | 


Breadth ; Laſtly, if we would Meaſure their Bodies, they are Cu- 
bical Bodies, o equal TO breadth, anc eta or depth. 


nl FE — 
4 e n e 
4 07 he manner af Meiſuring. 
PHe Method of Meaſuring the 3 Gobe, 

2 from the Foundations laid before in Arithme- 

ick and Geometry, we will handle in the uſual 
; Mathematical manner, by Problems. 
J PROBLEM I. 


unn Degrees of the Equator, and of any grew 
ke GU cle into German Mes. | 


u- 1. Each Degr e of any great Circle, either Celo- 

m- fial or Terreſtial, anfivers to 15 German Miles, or 
6o Engliſh Statute Miles, commonly appointed by 

lj- Närtificers; that, or from thence it appears, becauſe 
if we come nearer to the North 15 Geman Miles, 

of we find the North Pole elevated one Degree higher 

- than before, above the Horizon. | 

urns () q 3 2. And 
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2. And fince oftentimes, not only whole Miles 
come in the way to be handled, but alſo parts of Miles 
you muſt know that we divide a Mile into 60 Scry- 
ples or Minutes, which may eaſily be exchanged 
into parts, commonly uſed; ous 30 Scruples make 
half à Mile, or the Journey of one hour, 13 a fourth 
part of it, of half an hours Journey. 

3. Therefore in turning Degrees Degrees and —— — o 
r e een De dScruples by 

e an es by—1;, 

2 We divide tie Scru nag — ⁰ 
And me e es ira if we 2dd 'H 
Quetiem of cruples to the 


Example. | 


Degrees of the Eguator 17: 430 
— Anſwe. E 
Draw 17 into 15, they IY — 25% 

And 43 multiplyed by 15, ma Scruples of Miles 645. 
Which being ED the Quotient will be, Miles 10, ai 
The 25 ris 7 be Mi —— — 

um therefore of t Hes k is $7 5 
Or x of a . '9 


Shorter thus. 
Dis the Degrees intq 15, the Seruples divide 


5 
82 NOTE. 


If when Degrees and Scruples of the Equator come 
| zo. be Multiplyed into Miles and Scruples of Miles, 
the Ratio is almoſt the ſame, as of Maltiptying De- 


voy and S Scruples inio one another. | 


! 


1. 


Prim 
Seco. | 


| | Tmedrawof Degrees 1555 1 et 


De 


rScrup. produce 


Degrees & into 
FOI) 18crup. 
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ide 


The vohiqh, the Ape es being added, ſbew. 
Example. 


There ade to de drawn 5 
Into Miles. 6 
They produce Miles — 3 4 


PROBLEM,IL 


T/ find the Perimeter o or 4 bit if the Treas Globe 


in Miles. 3 
Since the Perimeter is 360 ſay 


If Degrees. make Miles. what makes 
ER I5. 360˙. Arſw. een 


PROBLEM Hl. 


To Ad the Diameter and Semidianeter of Fa * 
ene Globe in Miles. = 


1 L 8 To the . of the Earth 


% og» $659 
» 4. 5 
; 0, to 
®”- ar” 
22 — * 
— * * / 
92 
* 
— 


1718 IT 
Half o which ; is 859 d, the. Semidiameter of it. 
But to fhan the Era#ions, 'for roundneſs 
ſake, WE 7 ally take for the Diameter 172 wy Ales. 
For the + Semidianeter- —— 880 


PROBLEM IV. 


to find the Area of a. great Girele in the Terrence 


Globe. | 

From the Cldciniſorents — 5400. 
Half the Circumference is 2700. 
Drawn into the S 860. 


5 Produces the Area —— 232 2000. 
Of ſquare. German Miles. 
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5 PROBLEM v. 


Given the diſtance of a any leſſer Gree hg the Equa: 
tor; ar from a. Parallel of the ſame Equator, 10 
know the Senidiameter. of .it, and from the Seni. 
diameter, the Circunference, in Degrees of which 
the Equator bath 360. 


For from the Equatot towards each Pole, innu- 
merable Parallels may be conceived, the diſtance 0 
which from the Equator, makes known either the 
Latitude of the place, or the Altitude of the Pole, 
wuich agree in uantity 9 5 l 


W BY 


wry 


1. T SEF-FA that we yy know the Sernidiams Mia 
ter of ſuch a Carallęl. 5 
_ #1 Fa 15 % 
4. From the Sgr. of a Circle 89 : 60. 
Tale away the even Parallel, for Example TY T3) ) 
There remeins ———— l 26,7. 
2. Seek the She fp this remaines, it 6 6174. 4. 
Which is the Semidiameter of the. Parallel pe : bs 
in fl. K. of which the whole Sine i5—————1 00000. | 
If we would know what Degrees of the Equs. 
| tor ſuch. a Parallel contains i in its circumference. © 
Make! it 5 
45 the whole Sine 75 IEA wg So the Sine eiven To Degrees T; 
100900. 85 360 66174 $2382 : 13 lit 
all 


For by drawing 66174. into 360, is made 23822640, bre 
and dividing by 100200, comes forth 238, and there I th 
remains 22540, which draw into 60, and again di- ne 
vide by 100000, and i gives Scruples I 3, belonging to 
co the De egrees. the 

| Problem » 


PROBLEM VI. 


„ Jo turn the Circumference of Rees f fuch 4 
TY Parallel into — U 


„ to 
25 5 —_— * 4 8 
ich 2222 3 wi. 1 8 


The Degrees and Scruple ES of x the Denies 
found by the foregoing Problem, multiply by, or 


rence in Miles: So 238% 135 drawn into I 5, pro- 
duces Miles 3573: 15 


| II Way. 

me: Hake it as thewhole Sine Faule So the ine given} To Miles 
9 looooo. 3400. 66174 3575 is 
5 

35 

25. To know IF many Mites one Bee of lich., a 

Wn Parallel makes, 


— 


2 As 5 Degrees 3 ro "Miles" 9 De erees To Nifes 
„% 3 J 3573023 9.2. 
Ua For by dividing 3573 by 360, it produces in the 
Quotient 9, and 333 remains, which being Multi- 
plyed by 60, and again divided by: 360, produces 
55 or 56, belonging to the whole Miles. ae 
From this Foundation, is made . the. Geographical 
Table, which is annexed at the end, of the Tables, 
hewing how. many: Miles agrees to one Degree in 
any. one Parallel; which Parallels indeed are num- 
o, bred only in whole/Degrees: Bur if to any Parallel 
re I there ſhould belong gude the number of Miles 
li- rerertheleſs may = 2 om that Table anſwering 
ng % one Degree, by uſing the part Proportional; 


the w_ of finding which, I will ſhew by Example: 
m Example 


Ritt Il. Ch. Il. Problems 50 us 


draw into 15, and it produces the ſame Circumfe: 


A — ATI . 


— be "Cx 1 — Ho LEY 
r e . 
r K A 


_ (2 — 
Q 2s re 4 
— 5 


— ry — — 

- f N 
a gp 1 3 pa. = ST: 5 —_ « 
= 2 DDr 
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Example. 
In Pardlle! Vertical to u —48" 2 3; 4 
How many Miles anſwer to ons Degree? * 
5. 


Anſwer, The Parallel 449 gives to one Degree 10 2. 


The Parallel 49 g. — 9 50 
The 3 1* —— 60' eiue. * 12 


Ia 
if Minutes Decreaſe EY much ub 


6 "ob © 1P 34 n: ie 
The Operation A mage, # addr 6: 28" o 
Miles. 


1 
Which hin taken away from 10 : 2 
* Hud ſo to one Degree in Y 100g Parallel, agrees 
Hes. 
9 : 56. 4 — A 
PROBL E M VIIE 


To change the Semiatameter of 6 Heralles in 


Miles. 
As the whole Sine * * So the Semidiame ter To Mile 
109000. 6614. $559;G« 


PROBLEM N. 


To o conclude the Convex Superfivi of the whole 
Terrene Globe in Miles. © 


The Area of the greateſt Circle. is Fa 3 22000 


'Draw them — —— r 
Free 


PROBLEM x. 


To find the whole Groſeneſſ or Solidity of the Ter- 
rene Globe in Cubriek Miles. 1 
1. Tho 


le; 


II. Part II. Chap. III. Problems 6 03 
= * The Area of the greateſt Circle==22 22000. 


, Draw into the iameter >—— 1 720. 
34. And it makes 399384000. 
2. This number divide by———— —— 

| And the Quotient is 1331280000. 

3 3. The double of this, to wit, —— 2662560000. 


I Gorman Mes. 
PRO B L E M XL 


To determine the Amplitude or Lee of the 
Ines, in Miles. 
; 1. Of the Terrid Zone. 
We will aſſume for roundneſs ſake, the diſtance 
of the Tropicks from the Equator, according to Kep- 


kr, which he hath appointed to be — 239: 300 
Therefore the Tiepicks are diſtant 


"es 


11 from one another — : oo. 
0 Which drawn into or multiplyed by—15. 

- Make Miles — — — — 705. 

5 z is the Latitude or Breadth of the Torrid, 
oc one. 


Of the Fri id Z 


the World, is the ſame as the iftance of the Tro- 
picks from the Equator, viz. 23* : 30, which mul- 
tiply by 15. 

It makes German Miles —————z 2 
ill That is, the Latitude or Breadth of one of the 
ooo Frigid Zones, the ſubduple of the Torrid Zone. 


3: Of the Temperate Zone. 


1. From a Quadrant of a Circle 899 : 50˙ 
Take away the diſtance of the Polar, 2 
fer- and Pole 
There is r re 66 5.20 


2 40, 
—— — — a 


Gs 2. Hence 


is he Solidity of the whole 8 Globe, in Cu- 


* 
— — —— — — —⸗ 


3 


- n D oe tg ee os = n r * = 2 
2 2 #* ITS” > - . * * 2 0 n . ** * ws. SE l 2 r „ 
— — —ͤ— . —— 4 a ro 2 . EECSo EE — ates oy Ie res noes res . 3 rr br — * 


The diltance the Polar Circle 17 4 the Pole of 


% 
— — —— ͥ¶ —— — 


— — =<09-dap.-nrve 
1 1 — 7 


* lay on — 


22 "WT r ">; a 2 or tShews 8 5 . 
Dre. — n Dre n 1 
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. Hence ſubtrac the diſtance of e "A 
Tropick from the — 230 
There remains. — EIB 4 3 \; 00. 
Which multiply by n * 
It makes the Latitude or 5 8645 645 
of the Temperate Zone, Miles— 


PROBLEM” Ak "2 a 


To know, according to the Opinion of the "OE: in 
what Climate. an y place is ſituate, fromthe quantity 
of the longeſt day being given. 

From the given Quantity of the day, for? 
Example, of Hours ——————$ IS, 7 
Take away or ſubtract the = 12. 
day, or Hours 5 
The exceſs or difference, which is, Hours 04. 
Double, and they mae ——08. 
From this take away Unity, there is let! — 
Which is the Climate ſoughht. 


PROBLEM XIII. 


From a Climate given, to find the middle Parallel of i it. 
J. The Climate given, for Example, 7 
double, and it makes - . 
. To this add 3, and it 5 17. 
Which iS the middle Parallel.of the Climate 7. 
From which middle Parallel, the firſt and the third 
are always diſtant by Unity, and the Parallels of "nw 
the Seventh Ctimate are 16. 17: x8. 


v6 woman, — — 


—— 


E 75 
In like manner, from a. middle Parallel given, whoſe number is 4 always ef hi 
odd, to find the Climate, | WII 

From the middle Parallel, for — * | 

Take 25 — — — ß . F 
There remai ns | — 14. 70} 
Half the remainer is the Climate ſouglit = Of... - a; 
PROBLEMS [1 

From any Parallel given of what ſever Climate, to . the quartitix 1 
of ihe n duy under that Parallel. ] fo 5 In 


From 


Ut: part II. Ch. Il. Problems bot 


4 
fo 
) W & 


4 


2 


tity 


OM 


From the Parallel, for Example 22, take away Unity, tis 216. 
This reſidue 21 divide by 4, and the Quotient will be—52. 


Io this Quotient add Hours ͤKÄꝗ2⸗vi 12. 
And you will produce Hours — 174 
For the longeſt day under the parallel of———— 2286. 


PROBLEM XVI. 


Bur the obliguity of the Ecliptick iven, and row the 
certain quantity of the longeſt day, in whole Hours, 
half Hours, or Quarter Hours, (according as Ci 
mates are wont to be divided) 70 And the Altitude 
of the Pole, to which the length of the given wy 
agrees. 

x. Aſſume the obliquity of the Ecliptick—23 : 31. 
And the Tangent of it — 43516. 
2, Let the given longeſt day be, Hours—16 : 30 
And the time of the Scmidiurnal 
Arch, Hours . 
And the half of the Equinoftial _— 5 
Hours — " 
Which ſubtracted, leaves the excels, | 
-. of ive opeM ors 1 
3. This excels chan ed into time or the 
Equator, ET. — — = 45 
Which is the Aſcenſional difference of that day. 


The Sine of which i——————55557 
Say chm: 15 
ks the Tangent of 230: 31 1 the Sine g So the whole Sine 
| 43516. 3 loocos. 


To the Tangent 127570, the Arch of which 515 
56', is the Altitude of the Pole of the place, in 


which the longeſt day is Hours 16: 20. 
| PROBLEM XVI. 
From the Altitude of the Pole given, at the beginning 
and end of the Climate, to find the Amplitude or 
, Largeneſs of it. 
Por Example. 


1 the eighth Climate, the Altitude of the he” iv. 
lde 


n 2 r 
* % og n 
3 —— . > © 
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Under the third Parallel, at the endofit=53® : 18 
Under the firſt, in the beginning of the Climate 530 2 23. 


The difference of which is —— 0 : 33. F 
Which makes Miles .——43 f. 


That is, the Amplitude or Largeneſs of the eighth 


Climate. | 
”T PROBLEM XVII 
To find the Longitude of any . N from the fir 


Meridian, or of two places, from one another. 
I. In the Terreſtrial Globe. 

Bring the given place under to the Meridian, and 
the point of Section of the Meridian and the Equz- 
tor, will ſhew the Longitude of your place. 

2. In yen, eh Maps. 

1. Which have the Eq 


| quator, compute or reckon 
what Meridian paſſes through your place, which in 
the point in which it cuts the Equator, will alſo 
ſhew the Longitude of your place 
2. But if there be no Equator on the Map, ay 2 
Ruler on your place, and withal, on two equal num. 
bers, in the Columns from Eaſt to Welt, repreſent- 
ing the Equator; which will ſhew the Longitude of 
the lame. | h 
But if you deſire to know the Longitude of one 
place from another, or what Longitude two places 
have between themſelves, take away the leſſer from ly. 
the greater, and the remainer will give what you M 
ſeek. - Fre 
3. From the Catalogue of Places. | 
For this end alſo are made Catalogues of the Lon- | + 
gitude of places, by Aſtronomers and Geographers; T; 
in which either the Longitude of the places them- I ** 
ſelves are numbred, or the difference of time of the 
zame; or from the firſt Meridian, or from ſome o- | 
ther certain place, from which difference of time, ,. 
the Longitude of the place it ſelf may alſo be had, 
by the following Proble. 


8 — 


Problem 
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PROBLEM XIX. 


From the Longitude of Places, to know the difference 


of time, or the contrary. 1 
1. Multiply as well the Degrees as the Scruples 


of Longitude, by 4 Minutes of Hours, and you will 


have from the Scruples, ſecond Minutes; from the 

Degrees, firſt Minutes of Hours; being changed by 

Sexagenary Diviſion into the former Species or 

Kind, io wit, Ar Minutes 705 Hours. 4 

For Example, 34: 37 of tbe Equator, how man 

Hours and * do they make 25 | 4 
Anſiver, Multiply both Kinds or Species by 4, and 


you will have 136 and 148, that is, in dividing by 


60; Hours 2: 18' : 28 | | 
2. Multiply as well the Hours as Minutes of 
Time, by 15* Degrees of the Equator, and you will 
have from the Hours, Degrees; from the Minutes of 
Hours, firſt Scruples of Degrees, by reſolving them 
into Hours by Sexagenary Diviſion. For Example. 
Hours 7, Minutes 34, how many Degrees and 
Scruples are they of the Equator? Anſwer, from the 
Multiplication by 159, they make Degrees of the E- 
quator 105; firſt Scruples 510, that is, 113* : 30. 
And how that difference of Time, and conſequent- 
ly alſo the difference of Longitude, or of Meridians, 
may be had from Heaven it ſelf, is ſhewn in the 36 
Problem of Sphericals, at Page 474- 


PROBLEM XX. 


To find the Latitude of any place from the Equator, 
or the difference of Latitude of two places. 
1. In the Terreſtrial Globe. 

Bring your given place to the Meridian, and you 
will find the Latitude of it in the Meridian it ſelf, 
numbring from the Equator. | , 

BR 


- = 
— —ö—é eo — —— 


- „ 
r 
8 Kerr 
— —— 


— m2 


5 S Wo 3 e 
> I hr $15, ane IT nr. pe Ott cn e ian 1 ISI 
N 


as hath been often ſaid before, yet they wholly agree 
in quantity : and the difference of the Latitudes ol 
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+8: By Geographital (Tables. t. 


Look what Parallel of the Equator paſſes tl -ough I 
your place, which will ſhew the Latitude 0 Four 


place, in Arches or Lines on the ſides. m 
0 Z- From Catalogues of Place c. 1 OT ac 

For in theſe alſo the Latitudes of the moſt mon 
places, being +. are found:. + = 
From Heaven {$159 $ 


The Latitude ald of a place may be has, if 
ſeek the altitude of the Pole, by the foregoing io | 
nomical Problems; for the Altitiide of the Pole and Mal 
the Latitude of the place, although they are divers It 


ewo places is had, if you ſubtract the leſſet from 


che greater. a 

PROBLEM xx. = 
Tv determine the Latitude of Breath of a any qu al 
either in Degrees of the Meridian, or Miles, . 
1. Take the two Parallels of the Equator, paſſing 17 
through the Extreams of the given Country. 5 3 


2. Subtract the leſſer from the greater, and you 
will have the Latitude of the Country in Degrees 
of the Meridian. 

3. Multiply this by 130, and it produces likewiſc the Latituſl 
or Breadth of the Country in Miles. | 
For Example. Pp 
Germany is ſituate between the Parallels of the Equator $50 * To 7 
452, the difference of which is 10“, which being Multiplyed by 1 5, A 
produces the Latitude or Breadth' of Getnany to be 150 German 
— o 500 Engliſh Miles. 


PROBLEM M. fee 


To fad the Longitude or Length of . any Country: repre 


1. Aſſume the two Meridians between which the Up ly 


e lies, and ſubtract the. leſſer number "a 3: 
6 


the greater, that you =_ > have the Longitude or 


neh Length of the Country in Degrees. 5 
5 2. Inquire alſo the Parallel paſting through the 
, middle of the Country, which you may have, if you 


add the two Extreams, and take half of the Sum. 


6s 3. In this middle Parallel ſeck how many. Miles 
„ Manſiver to one Degree, by Problems the 5th.. 6th. 
ad 7th. of this II. Part, at Page 600 and 601 and 
90 | 7 Multiply this number of Miles by the Degrees 
ang Yo Longitude found, and you will produce the Lon- 
era eitude or Length of the Country in Miles. 
= For Example. 
* 1. Germany is ſituate between the Meridians 46 
and 23, the difference of which is=—————23, 
: 2. The Parallel paſſing through the middle of Ger- 
try, any is 50? in which there is of Germany Miles 


qand 38' anſwering to one Degree, as you may ſee 
in the Table at the end of the Book, at Page 783. 


3. Draw then theſe Miles into——=—23* 
you And it produces Miles 221: 34; 
rees The Length of Germany. 


ll PROBLEM XXIIL 


J find out the Fournying linke of to places in 
15, Miles, on the Ebbe oe Geographical Chart. 


1. Extend the Compaſſes from one place to the 
ether, and take the diſtance of the ſame. 
I 2. Apply this to the Equator, or to that which 
5. preſents it, being depicted on the Chart, and Mul- 
hs [Ply the Degrees of this diſtance by 15. 
zm | 3 Or if the Chart have * of Miles . 

: 
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to it, apply che fame diſtance to this Scale, which 
will make known the diſtance in Miles. 5 


PROBLEM XXIV. 1 


From the given Longitudes and Latituaes of Pl 
ces, to find the Itinerary or Journying diſtani n 
in Miles, by calculation. ; | 


Divers Caſes occur or happen about this Problem 
as well General as Special; of the General there aj 
three. 

I. General Caſe is. 


ka km _ 


Of the places of them which are under the ſan 
Meridian. 
= If each place be under one Quadrant of the M. 
ridian. 8 | RR 
1. Take away the leſſer Latitude from the gre: 
er. 


2. Draw the remainer into 15, and you will ha 
the diſtance in Miles. N 8 


Example. << 


> Dreier 


— dw: 
—y 
| 4. bh 


Py 


The Latitude of Uranburg 12. —55 : 55 
But of Rome — : 2 
The differente==———— : 
Which Multiplyed by—————;. 
Produces the diſtance of Miles. 208. 
2. If the two places are under divers Quadran 
of the Meridian, and yet in one half of it. 
1. Add both the Latitudes. 
2. Multiply the Sum by 15. 
| Example. | 
Riga, the chief City of Livonia, is North Latitude 560: 
The Cape of Good Hope, is South Latitude 30: 


SSS 
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The Sum of both is — | — 30 
Being Multiplyed by 15, gives Miles — 1312 +. 
The diſtance of Riga and the Cape of Good Hope, 


3. If they be in divers halves of the Meridian, 
1 alſo in divers Quadrants, but; joining together. 


; i Take the Complements of the Latitudes « 05. 
0 


2. Join them togethar in one Sum. 
4 And multiply it by 15. 


E xample. 


Berga i in Norway ; 1 North, Latitude he : 29's 
The Iſland of St. Peter in America, North Latitude 12 : O. 


The Complement of the former is -——29 

The Complement of the latter is. — : 1 
The Sum of the Complements is— 197: o. 
Being drawn into 15, they make Mites 1612 


4. If they are in divers balfs, andzdivers Onadrarits 
Ne the Meridian, and not contiguous. 


. Subtract the leſſer Latitude from the greater. 
) 2. Theremainer ſubtract from a ſemicircle or 180%. 


: q 3. And multiply the reſidue by 1 5 
15. 
054 Example. 


dra The Latitude 77 Rome 7s X e 25 
The Iſiand Tuberon in America, its = Py 
 tiude is Southern- — 5 
The difference————— 6 : 2. 
7 taken from a Semicircle, leaves—15 2 :58 


— 


50: hich multiplyed by 15, makes Miles=2299 : F 
D 4 That; " the 222 of * two places gie, 
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II General Caſe is. ng 


Of the places of them which are under the ſame Paral 
. 


I. If both are under the Equator, and have the 

difference of Longitude leſs than a Semicircle, ſub 

tract the leſſer Longitude from the greater. 
The remainer being leſs than a Semicircle, multi 


ply by 15. 


Example. | in t 
Andrelles hath Longitude=——_—_—_—_—— 28, Fr 
Amaræ, a Mountain of Ethiopta————56. 1 
The difference— — — 72. fan 
Being Multiplyed by 15, makes Miles-—1o080, 
The diſtance of the two places groen. | 
2. If both are under the Equator, and they hae 1 
5 difference of Longitude greater than a Semicir 5 
cle. f | 
Subtract the leſſer Longitude from the greater. MW 7 
The refidue being greater than a Semicircle, u N 
it away from 36092. | | T 
Multiply this laſt remainer by 15. l 
Example. 
The Lake of Parina, its Longitude is 310 ; 
Ie Iſlund of St. Thomas, its Longitude 15—30Y x; 
The difference im ce 7 
Being taken from a Circle or 360%, leaves ——80Y I 
Woich multiplyed by 15, makes Miles 1200 1, 


Ihe true diſtance of the two places, becauſe it can 
not be that any place can be farther diſtant from hl, 4, 
other than half the Ambit of the Terrene Globe. 1 
2. If two places are without the Equator, unde J. 
the ſame Parallel, and ſo agree in Latitude, and 4 | 


art II. Ch. III. Problems oY 46 13 
differ in Longitude ; there are many ways of find- | 
ing the diſtance of theſe. FIT 


1. Subtract the leſſer Longitude from the greater, 
hat you may have the difference of them. 

(Note, it is alſo to be. Subtratted from a Circle, if 
it mcreaſe beyond a Semicircle.) 

2. Inquire alſo the Latitude, or Parallel under 
rhich both places are converſant. | 

3. Seek how many Miles anſwer to one Degree 
in this Parallel, at Page 783. 
4. Multiply the difference of Longitude into theſe 


28. Miles. ; 
56. The number produced, will make known che di- 
Ss tance of the places. | 

2 


Example. 


hav The Lon! itude of Thyatira of Jonia 75—58* : 55 
nic 0f Lariſſa of Macedonia, he Longitzede is 50 : 35. 


The difference is — — : 20. 

er. The common Latitude ſerving both is—40 : o. 
taken Under which there anſwers to one Degree, Miles —=—11 : 29. 
This drawn into the difference —08 : 20. 


It makes the diſtance of Miles —95 : 41. 
IT Way ſhewn by the ſame Example. 


The common Latitude — 40? : o. 


The Complement of it 50 : ots Sine 7660 
ede Longitude of Thyatira . — 58 : 55. 
200 The Longitude of Lariſſa — : 35 
—60 Ihe difference ————8 : 20. 
2000 The half is ————-——4 Io. Its Sine 7266. 
can Say then 


4s the whole Sine N To Sine compl. of Latit. & So the Sine of the hal, 
199000, 76604» 7 265, 


nde Ty the Sine of half the diſtance 25558. 
| | a 3 „ 
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" Whoſe Arch is 
be double of it is ———6 : 22. 
hich drawn into ——1 5- 

Makes Miles=— g 32 — 95 36. 


The true diftance of theſe places, from 2 Doubt 
Arch, not e in a Far ali but i in 4 gre 


— ne BY 2 11. 


4 4 — — 
6 K 2 
— — —— — — A244 —ͤ —ͤ K — — — _—_ PW 17 — — — — —U— 
5 # 


TP DENCE zhe diftance r of Miler——— 95 © 30 


þ Crete. 

f Wu * resse. 

| The Tait. of Thyatira 4: 55. 

b: Lariſſa . — 50: 26. 

4 Tbe difference———08 : 

. Half of i 1.04: * b. the ſame 40 2 Hog 

# Irs complement 853: 350. | 

44 The Latit. of the compl. 40: 00. the ſame 40: o. 

4 The Sum of the two. 125 : 50. the Sum 44: 10. Tts Sine 6967 
f The Exceſs — 2. 1 Sine 58543 
14 Ss — —.— TP difference—11132 
bu "aria. 5 ont = | 
I of this bal, the Arch i 1—.——3— 2 11. 
1 the double 1s. — 26: 2% 


No ote at rhe hind X 


: 
: 
7 
* 
1 
a 
i 
- 
- 
| 
. 
4 
= 
: 
: 
* 


7. If this Sum vis. 125%: 50 mould be leſs than 
a Quadrant, inſtead of the Exceſs above a Quadrant, 
we muſt take the complement of it to a Quadrant; 
and inſtead of the difference, the Sum or Aggregate 
of theſe Sines, and with the half of this Aggregate 


feck the Arch, the double — which eee by 
15, ſhews the diſtance. + © 


2. If che difference of Longitude be a Quadrant, 
to which in the Equator anden 1350 Miles, _ | 
1 ſhorre | 
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ſhorteſt way is, if you aſſume the Sine of the Com- 
plement of the common Latitude, and ſay, if 10-000 


give 90?, or 1350, what doth the Sine of the Com- 


plement of the common Latitude give? The Opera- 
tion being made, you will produce either Degrees, 
to be reſolved into Miles, by drawing them into 15, 
or the Miles themſelves of the diſtances of the pla- 
ces ſought. „ x; 


3. The ſame Method may alfo be obſerved in 
other places, differing only in Longitude, if you re- 
ſolve the difference of Longitude into Miles and 
Scruples of Miles; as in the former Example, the 
Complement of the Latitude is 76604 : The differ- 
ence of Longitude is 8“: 20 which under the Equa- 
tor, makes in Miles 125, and of Scruples of Miles 
7500, (which are produced if you multiply 8“: 20' 
by 15, and again draw them into whole Miles by 60, 
and add the produced Scruples of Miles) Then it you + 
fay, if To0000 give 7500, Scruples of Miles, what 
doth 76604 give? you will produce Scruples of 


Miles 5745 that is, Miles 95, Scruples 45 . 


III General Caſe is 


Of the places of them which are ſituate under divers 
Parallels and Meridians, and ſo alſo they differ 
in Longitnde and Latitude. 


1. If one place be ſituate under the Equator, and 
the other wirhout it, and the difference of Longi- 
tude be exactly 90, draw 15 into 90, all the Cucu- 


lation is performed, and you will, produce 1350 


Miles, by which ſuch, two. places are diſtant be- 


tween themſelves. 


R T 4 2. If 


| 2. If one place be under the Equator, and the 
other without the Equator, and the differenc of 
' Longitude leſs than a Quadrant. 


T he Proceſs is thus. 


| 3 
be Longitude of Eſſena 70: 3. 
The Longitude of Tyrus 67 : © 
The difference —0Z : 3, 
The Complement—————=86 :57.\ 
V. Sint 59556. 


Latit. of Tyrus 339: 20 
Its Complement— 56 : 4o0. 


Say then 
4s Radius z To Sine Compl. of diff. of Longit. g So Sine Compl. Lal. 
looo... 99858. "OP 83548. | 


To 83429, the Arch of whichis-————56* : 32, 
And the Complement of it ——— —33 : 2, 
Which drawn into ——— 
She dos the diſtance of Miles — — 02, 
Or 


The Longit. of Eſſena 70 3. 

The Longit. of Tyrus 67 : 0. 

De difference==== 5 03 : z. gi ſame 30: J'. 

The Latit.of Tyrus i 33 : 20. LCompl. 58 : 40. . 
De Slttt=—————z6 : 23. Sum 59 : 43. Its Sine 86354 


he Cumpiemen: 353: 37. Its Sine ——— 8050) 
The Sum 16686]. 


Half of it is —83430- 


Whoſe Arch is 56: 33. 
Its Complement——33 : 27. 
Drawn int0——w—5. 


Makes the diſtance of Miles 501: 35. 
3. 1 


; of YO 


| | 
r ; 5 


ſew: u. Ch. m. Problems „ 
3. If one place be under the quator, and the 


other without the ſame, and the di erence of Lon- 


gitude | be þ 84:7 than a Quadrant. | 
Proceed thus. 


"OP 1 


TheLong -afCaliolis is 164 20. 

The Lok of Tyrus #—67 : oo. Its Latitude 229; 200. 

The difference i. 97: 20. Compl. Lat. 56 : gots; nes z 940 
The Exceſs 07 : 20. Its Sine —— 76, 


Say then 


4s Radi 1 T0 Sine Compl. Latit. 1 Sine of. exceſs if tiffr. on- 
100000, J. 8 3 * $, _ gttude 12764. 


To 10664 the Arch of which . ; 
To which a Quadrant being added, makes—=96 : 7. 
Which W by 15, makes Miles——1 441 :45, 


Or: 


— — ; 


TheLong. of Calipolisi 162: 20, 

De Long. of Tyrus 67: oo. 

The difference — : 20. 

Compl.to a Semicircle 382: 40. 4227. of this 78: 200. 

Latitude of Tyrus ) 33: 20. LThe ſame—33 20. 

The Sum — =—I16 : 00. The Sum — 40: 40. Its Sine 65166. 


The exceſs of it above 5 26: 00, Its Sin. — 4337. 


＋— 
4 Quadra Subtrack, and the differ. i.— 213 29. 
— 10664. 


Half of it . 
The Arch of this balf is—- -6:7. 
To which 4 Wai being added*r tis 96:7. 
That is Miles of d fance===1441:45-4S before 
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4. If both places be ſituate witheut the E 
quator, towards the ſame Coaſt, and the dif. Co 
ference of Longitude be leſs than a Quadrant. I ene 


The way of computing diſtances of this kind 


2 z | Thi 
in Geography may imitate. 1h 
ba” Hig ooo — 
Th 
2 7 
The Longitude of Tubing is 33 : 49« Its 
The Longit. of Antwerp is 28: qo. | | BY 
he difference iu — 5: oO. The Radius 100009, 3 
Its Complement. 85: 00, Its Sine 996 19. ſubtral 
| 75 Ide Verſed fine of it. 381. 
— o | . - 
| © 7 . 0 [4 
The Lat. of Antwerp «81 : 12. Its Compl. 38: 432 0 
Latit. of Tubing is—48 : 34. Its Compl. 41: 26 J the Sum 80 : 14 
The difference —_— : 38. b 3 
Its Complement is — 87 : 22. Its ſine 99894. | 
The Compl. of the ſum isog : 46. Its fine——— 16964. ſubtral | 
The difference is. 82930. 


Half of it io 41465. 


Which being 77 by the Verſed Sine of Longitude 381 


And divided by the Radius, makes - — 158 

Then from the Sine Compl. of the Latitude—99894Y the 
Subtract this Quotient 15 
And you Will habe.. 99730 e 
The Arch of which iy. —— 85: 50. 
And its Complement is .—4 10, ,, 
Which drawn into 15, makes the diſtange of Ailes 62% | |} 5 f 


- 
« 


"= 5˙ | 


OY 
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E- 5: If both places be ſituate towards the ſame 
dif- Coaſt, without the Equator, and the differ- 
int. ence of Longitude be a Quadrant. 


The Proceſs is thus. 


LOUS TheLongit. of Daroacana 7s 11 8: 45. 

The Longitude of Spira is— 28: 45, 

The difference is 90 2 oo. ET 

The Latitude of. Spira is. 49: 20. Its Compl. 40: 40. 4 The Sum 
TheLatit. of Daroacana 7s 34 : 45. Its Compl. 55 : 15. $ 9580: 55? 


The difference i. —14: 35. 
Its Complement is— 75: 25. Its ſine is 96778. 
The exceſsofthe ſumabovegoiss 3 55. Its ſine ic 10308, ſubtract it 


Ehe difference is—86470. 
Hof it i. 43235. tis 
Te Sine of the Arch —25 : 37 
The Compl. of which — 64. : 23. 
Druton into 15, makes Miles—965, : 45 or 5 


6. If both places be without the Equator, 
towards the ſame Coaſt, having the difference 
of Longitude greater than a Quadrant. 


In this Caſe proceed thus. 


894. The Longitude of Carticardamna irnrgs : 50. 
,150YY The Longitude of Heidelberg is —30: 45. 
736 The difference is 3 — 05 : os. heradiu 00008 


* 


50. The exceſs of the diff. above a Quadr. is 16: 05. s Sine 29704add 
5 „ : The Verſed Sine. ] 27 704, 


The Latit, of Heidelberg is 49: 35. Its compl. 40: 25.9 The Sum 
of Carticardamna 7s = 12 ; 30. Its compl. 77: 20, 117*:q5" 


. 
S vu 
oF o 
4 
a 
| 
1 


d 
i 
\ 
4 
\ 
[ 
* 
+ 
15 
1 
A 
2 
ſ N 
wr 
+ 
2 
1 
94 
WEE 
£41 
41 
$ 
= » 
N 
4 4 
ke 7 I 
\s 
\# 
(4 [i 
re 
EA 
o 8 
WM 1 
"44 -4v 
7 
4 - 
Ry 
— 4x4 
4-44 
n 
14 
N 1 
"44-44 
» { 4 
35 
F 
5 | 
N 1 
12348 
14 
15 | 
3 + 
4 
FF 
80 
74 
248 
1 
2 
14 
j 1 


2 — 
— 7 
2. 1.2 


2 — TE 30. IT: 3 
Xx Wo + p TO WILL RS 2 
D 7 © Ta Ay. * wx" 2 po P "4 
* 4 —— . 3 ROY 
. — —— op * er" 24> — — — — ene. 


Its Complement 7s 
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The difference is —— 36 „ r | 
Its Complement is 33: 05. Its Sine is 799g, © 
The exceſs of the Sum is 27: 43. Its Sine is 4656 1. d 
The Sum 15 —— —— 126512. 
Half of it —— 3256. 
Draw into the Verſed Sine of the Latit. 127704. 
And being divided by the Radius, it makes 80780. 
Whence ſubtratt the ſine _ of the Lat. 79951. 
T mae e829. 


. .- 


The Sine of the Arch o: 28' : 30", 
Jo which add a Quadrant 90. N 


I makes the diſtance 90. : 28. : 30. 
Which drawn into 15, makes Miles 1357. 


7. If both places be without the Equator, C. 
but one ſituated towards the North, the other WW an 


towards the South, and the difference of Longi- I m. 


tude greater than a Quadrant, proceed thus: 
as the Example of Baſſa, in the Iſland of Tapro- 
bana, and of Heidelberg, taken from Meſtlin, 


| - 2 RA | The 

. 5 . The 

The Longitude of Baſſa ic 126: o. | The 

Of Heidelberg 1s 29: 15. according to Meſtlin. Its 
The difference i 96: 45. the Radius rt00000. 

The Exceſs is 6:45. Its ſine 11754. ſabtract The 

I: mabes the Verſed ſine of the diff. of Longitude 88 246. of 

The Lat. of Heidelberg is 49 : 22. Its Compl. north 40: 38 33 ſum The 

Of Bafſa —-- ———06 : 30. Its compl. ſouth 83 : 30 12498" 1 

The difference is 42: 5 2. | | The 


47 :08.Tts fine 73 294. 


The exceſs of the ſum i,. —34: 08. Ies ſine— 56112. add 
| The Aggregate 15——1 29406. 
Half of it 15>—==——64703- by 


Which 


add 


of 


um 
„87 


E. 
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Aud divided by the Radius, mates. 57097. 


Which drawn into the Verſed Sine of RS, beds 
7 Longitude FE: >> 7 88 


— 6. 


Which ſubtralled from the Sine of the?) 
Complements of Latitude DB 572254 
Leaves 92 — W 3 Fa — 97. 


The Arch of which [————g : 19 
Add a Quadrant . ——go : oo. 


Po 
» 
F 
— ITE — 4 . ; 
— 2. 


Which being drawn into 15, Pra Ow 
makes the diſtance of Miles= 11489 45 7 }. 


8. But if the difference of Longitude in this 
caſe, be leſs than a Quadrant, we muſt take the 
Complement of the difference of Longitude, 
and add the Sine of it to the Raaius, that we 
may have the Verſed Sineof the Longitude: 


Example . 


| 3 3 
The Longit. of Baſſa is 126: o. 
The Longit. of Stockholm 42: 38. | 3 
The difference is 83: 22. The Radius 19. 100000« 
Its complement iS—=mn=og ; 38, Its fine is 11552. add 
| The Verſed fine—=111552, 
The Latit. of Stockholm 60: 30. Its compl. is 299 : 30'q The ſum 
Of Bafſa i.: 30. Its compl. is 83 :30J 113%: o 
The difference is.... 54: 00, f 
Its Complement ic. 36: 00, Its ſine 1s... 88779. 
The exceſs of the ſum. 23: 00. Its fine i — 39023. 
| | The Ageregate 97802. 
i Half of it is 48901. 
Which multiplyed by the Verſed Sine, and divided 


by Radius, makes 54550. 


Which 


2 — 8 Py — — © — . — — — 
* rr ——— uA ro An, * — 
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Which being ſubtracted from the fine Complement of Latitude 


. „ Leave. 4229. 
hich is the Arch of—2* ; 25k 


Add a Quadran 90 : 00. 


. 


„Alla it nate. — 92: 25. 

Which muſtiplyed by 15, produces the diſtance of 

9. If it ſhould happen in this caſe, that the Sine 
of the Complement of Latitude be ſo ſmall, that the 
Quotient ariſing, from the multiplying the half into 
the Verſed Sine of the Longitude, and dividing the 


Product by the Radius, it cannot be taken away from 


the Sine of the Complement of Latitude; the cor 
trary muſt be done, and the Sine of the Complement 
of the Latitude muſt be taken .from the Quotient 
and a Quadrant not added to the remaining Arch, 


but we muſt take the Complement of it t6 a Qui. 


drant, and convert it into Miles. 
l Example. 


5 1 a J 

The Long. of the Iſland Thyle is 33: o. 

Of the Iſland of St. Thomas 1527 220. : of 5 * 

The difference is -— 5 :40. The Radius is 100090, 

Its Complement i,. —84 :20. Its Sine 99511. add 
And it makes the Verſed fine 199811. 

The Latitude of Thyle is——63 : o. Its compl, 25%: o The ſun 

The Latit. of St. Thomas is—16 ; o. Its compl. 74 : 0 L Iols 


The difference i9———_——47 ; 0. . 
Its Complement 43 : o. Its ſine. 68 200. 


The exceſs of the ſum . II: o. Its fine 1908 1. ada 
| | The Aggregate=—87281. | 
Half of it 1s 43640. 


Which drawn into the Verſed Sine of Lon-? 87066. 


gitude, and divided by the Radius, makes — 


From this take away the Sine of the Com- Cg, 
plement of the difference of 1 0 682 85 
5 There remains. 18866. 


The Arch of which is 10: 52. 


And its Complement=79 : 08 


Which 


O. 


Which Multiplyed by 15, makes the diſtance of 
Miles 1187. Ed | 
10. If the difference of Longitude be chiefly 90®, 
the thing is done briefly, if you take half of the 
difference between the Sine of the Complement of 
difference of Latitude, and the exceſs of the Sum, 
and to this add an arch of a Quadrant. 8 


4 


Example. 


The Longitude of Baſſa 13. 126: . 
of Camarina in Italy 136: o. 


The difference is.. —U90 : o. . | 
The Latitude of Camarini=-43 : o. Its Compl. q7 : oY The ſum 


The Latitude of Baſſa iS 06 : 30. Its Compl.83: 30S 130%0" 


The difference i... —36 : 30. | 
Its Complement i. — 53: 30. Its fine is 80386, 
The exceſs of the ſim 40: 30. Its fine — 64945. ſubtra#} 
| difference ——1 5441. 
Half of it 7720. 
To the Arch of which=——=4" : 26. 
Add a Quadrant... 90 : oo. 
And = mae —-94 286. 
Which multiplyed by 15, makes the diſtance of 
Miles 1416 300. | 


Another way. 


a) 


% 


Of inquiring the diſtances of Places, from the Longi- 
Jos and Latitude of differences. 


Some in this. computation of places, uſe the 47th. 

Propoſition of the 1. Book of Euclid, which Ratio, 

although *tis leſs exquiſite, eſpecially when two places 

are far diſtant, becauſe they miſuſe the Arches of Pa- 

rallels for right Lines; notwithſtanding we would 

not altogether neglef it. Fe 
| n 
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And *tis thus. 


1. Take the difference, as well of the Longitudez 
as of the Laritudes of the places. | 
2. Multiply the difference of Latitudes by 1j, 
that you may have it in Miles „ 
3. Half of the ſame difference add to the leſſer 
Latitude, that you may have the mean Latitude oi , 


Parallel. . _ te 
4. See how many Miles anſwer to one Degree of Mut 
this mean Parallel, at Page 783. 1 


5. Multiply this into the difference of Longitude. * 
5. Take the Square of the Product, by reſolving Nie! 
it firſt, into firſt Minutes. 353 
7. To this Squase, add alſo the Square of the differ Mut 
ence of Latitude, turned into Miles, in like manner, Milt 
by reſolving them into Minutes. | | 
8. From the Sum of theſe two Squares, extract the Niet 
Square Root, which will be the diſtance of the place, 
being reduced again to Miles, in dividing by 60, 


Example; 


* 


Of Antwerp i- 28 : 40, f Tubing the Latit. 48 34. 
The difference is O5 : oo. The difference is 02 : 38, 
Which makes Miles 39: 30, or 2340, 

Half the difference of Latitude—0 : 19. 
Being added to the leſſer Latitude=48 : 34. 
Exhibits the mean Parallel. 49 : 53. 

. gn which, one Degree contains Miles 9 : 39. 
Which drawn into the diff. of Long.—s : oo. 

Makes Miles — 48: 15. 

Fon Of——— — — 2895 . 

The Square of 2895 18 ——$381025. 

The Square of 2340 75—= mmm 547560 

e 


The Longit. of Tubing 330: 40' Torr of Antwerp 81712 
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he Sum of the Squares. 13856625 


he Square Root of which is ———— — 3722 
ring divided by —— mr on 
oroduces mile — 62:2 
des ſhe diſtance of the given places. 
NOTES: 


meerning two places, one of which is of North Lati- 
tude, the other of South. 

1. In this caſe the difference of Latitude is not 

ten by Subtracting the leſſer from the greater, 
but by the addition of both Latitudes. 
2. If the Latitude of either place hath the ſame 
r equal quantity, either of them may be taken for 
ie mean Parallel, with which the miles are to be 
quired agreeing to one degree of the Parallel: 
Put if theſe Latitudes are unequal, then join the 
alf of the greater Latitude to the leſſer, and it 
jill produce the mean Parallel, of which the miles 
ire to be inquired agreeing to one Degree. 


PR OB L E M XXV. 


ſhe Longitude and Latitude of Places being known, to 
aſcribe the ſame into Geographical Tables. 

1. Aſſume the Chart at Pleaſure; whoſe Right- 
and part you have for the Eaſt Coaſt, the Left- 
and part for the Weſt, the upper part for the 
North, and the lower for the South. 

2, Divide the Extreams of the Chart or Paper 
to certain degrees many or few (according to the 


ongitude and Latitude of the Country which you 
39. lire to deſcribe), obſerving this, that if you de- 
00, Wit to make the Ordination of Places diſtin& and 


act, you mult allow ſo much ſpace to each de- 


that at leaſt every tenth Minute alſo may be 
ited, 


500. 6 Sf | Apply 


1 


NN 


FFC 
" | n 1 
— —— —— ene — : 
"2 wy * . — _— ” 
4 — "EY = 


CE R075 eE_"CEATIECRELCIRNS: lt 
> C * . * * 


— 3s Ot 
— — — 
- 
3 "» — 
LES es” 


D he Ae egy ney 
44 or — Og I ooo. 


626 Of GEOGRAPHY. Part NC 


3. Apply a Thread, or draw an occult Line by 
Rule, to the Degrees and Minutes of Longitude 
known in the upper and lower Part, numbrine if 
from the Weſt into the Eaſt. 
4. In the ſame manner alſo number the Latitude . 
from the South into the North, and ſign it alſo by 47 
a Thread or an occult Line; and where the Thread; 
or Lines cut each other mutually at right Angles, NS 
there aſcribe your Place; act in the ſame manner a- r. 
ſo with others. 
PR O:BL EM XXVI.. my 
To inquire the Sites and Diſtances of Places ſeen from one anothn, he 
and to deſcribe the whole Country ſeen, on a Chart or Paper, 
1. You muſt prepare an Orb, and in it a Circle di- 
vided according to the 4 Coaſts of the World ino 
4 Quadrants, and each into 90 Degrees, and fo the 
whole Circle will be divided into 360 Degrees, and 
it muſt be furniſn'd with an Index with tights to 
look through. | 
2. With this aſcend ſome Tower or any hig 
Place, from which many Places may be ſeen lying 
round about, and direct your Orb to the Coaſt ot 
the World by help of the Compaſs or maguetc 
Needle, to the place from which you deitre tie 
Proſpect, and begin to Number from the next Coat, 


And fer Example, let the ſirſt place of our Station he Herrenberg 


dt2tio 
et th 
owe 
* 


a City of Wirtemberg, in the high Arch of which I Ioob towards nat; 
the South, | | 1aces, 
3. Then by the Orb remaining unmoved in this gat, 
Site, I direct the Index with the Sights to the place 
next to the Line of Eaſt, and note the Diſtance of Hurm 
it from the Eaſt; or the Angle of Viſion, which 
alſo I aſcribe into the Chart prepared for the pur Horte, 
poſe, being ſhewa by a Circle deſcribed on my Chart. 
from the center of which, Idraw a Line throug! but 
2 ny 


of the Place obſerved : And let this firſt place ob- 
ſerved by us be the Tower of Roſeck, diitant from 
the Faſt towards the South by the Angle of Viſion 
:3* by a groſs Calculation which ſuffices inſtead 
of an Example. | 

4. But from hence ] direct the Index with the 
Gizhts in order, to the Second, Third and Fourth, 
fitth, Cc. Place, and I obſerve all the Angles of 
ion, and in the fame manner I deſier them in 
my Chart by drawing a right Line of VIſion from 
he Center. 1 
The Places are theſe in our Example, Fig. 204. 


> (1- ſurmling J Diſtant C 56: &/ 
into N Etemburg C from rhe ) 76: o. | 

mT % Line of 92 : O From the Me- N 2: 0 
dhe ö 3 ; 
1 22 Eaſt Clio : of ridian Line C20: 0 


5- This being done I diſpoſe my ſelf to ſome o- 
her place now to be obſerved, and there I direct 
en Orb or Inſtrument, ſo to the Coaſts or parts of 
he World, that the Degrees of this place obſerved 
ot the Circle, directly reſpect the former place of 
etie tion, and be oppoſit to it Diametrically ; and 
. ct the place of this ſecond Station to us be the 
. lower of Roſeck, 


ner, the Angles of Vilion of all the aforeſaid 
Faces, and alſo of others which I can attaia to by 
d2ht, | | 


tins Theſe Placesin our Example are. F 

lace | _ | 

e ofVurmling diſtant from the Line of Eaſt go“, and 

nich therefore directly beholding the South. | 

Dur tottenburgs ¶ Diſtant from) 269% c. 

jart darf. the Meridian 80 20 | 

il wg. Line towards ( 100 : o Erom te I. 510% of 
ks TMenbergs the Weſt, 126 ;© i of Weſt 36 1: © 


Si 2 7. Which 


tl. Chap. ITT. Of G EO GRAP HT. 899 
the Degree of Diſtance or of the Angle of Viſion 


—— 


6. Then from this ſecond place, I inquire again, | 
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7. Which places being thus obſerved from my 
ſecond Place of Station, I reaſſume my Chart, ot 
Draught, and in it I ſeek the Line of Viſion dedy. 
ced or drawn from the firſt into this ſecond Station; 
in which I aſſume the point continued, diſtant from 
the point of the former Place as much as you pleaſe; 
And by how much remoter the Point is aſſumed, 
the Chart to be deſcribed will be the greater, and 
the meaſures will be made the more exact. 

8. That accepted Point will repreſeat the ſeconl 
place of Station, from which I deſcribe another 
Circle, and in it I number-the Angles of Viſior ob. 
ſerved in the ſecond Station, and again I dray 
from the Center, the Lines of Viſion of the afore- 
ſaid Places as before, See Fig. 204 being a Scheamy 
the deſcription of the Places, in which. 


The great Letters denote the Sites of the Places: Bit tis 
mall Letters the Degrees of the Inſtrument, thro 
which the viſive Lines paſs. 999 
H h. Herrenberg. A a. Old Rotenburg. 
Rr. Roſeck. B b. Bondorf. 

Wu. Wurmling: Tt. Thailfing. 

9. But if you pleaſe to extend the Chart further 
and to deſign ſome whole Country in it, diſpol 
your ſelf to a third Station, and direct your li 
ſtrument to the ſecond Station, in the ſame manne 
as before you did it in the Second with reſpect t 
the Firſt. . c 

10. And the Towns and Cities being deſcribe 
in courſe, you may eaſily alſo inſert, Rivers, Wool 
and Mountains, according as they are further tro 
or nearer to theſe Places. 


11. Laſtly, if after you have deſcribed t. 
Chart, you are willing to meaſure the dittances 


all the Places deſcribed in it from one another, Y 
| mu 
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(ne Atlantick of North The New? The Ethiopick, 
Sea, which divides—q And Old porb, and about thig The Gallick, C Ocean. 
| | The Brittanick, Ls 


the Ocean, | The Pacifick Sea,or Mare Delzur, between the extreams of Aſia and the India Iſlands, and looks upon the Weſt of Americs: 


ö 


and called 
the Sea. 


| Far Northern. V in ſome place alſo nigh the Tartarian Ocean, 
| Northern ore Frozen. J ͤbeholding the North Land. . Tz | 
Southern, viz. The Magellanick, preſenting it ſelf about the Magellanick Land; part of which is called the Indian Sea. 


The Iberick or Spaniſh Sea, the Ligurn, the Siculum, 
The Creticum, the Ægean Sea, Ce. 
The Adriatick, viz. the Gulf of 


oblong f 1. The Mediterranean Sea, viz. the inner, between 


| ſix of 1 Africa and the Countries of Europe, running down 
which to the leſſer Aſia, whoſe Parts are, - YThe Secondary Venice. | 
| | are | Gulfs The Black Sea, Propontis, of Mardi 
6 | 3 Marmota. EO 
2. The Baltick Sea, viz. the Gulf of C * ' & Corinthiacus, 
| Codan, whence the Secondary Y Livonicus, C depending ) Saronicus, e And many 
Gulfs. Botnicus, upon Y Argolicus, 8 Gulf. 
| Finnicus, 5 C Termaicus, 2 
Gulfs, | 3. The Arabian Gulf, between Africa and Arabia. | 
which ares | 4. The Perſan Gulf, between Arabia and Perſia. To be looked 
either 5. The Californian Gulf, between California and new Granada. upon or 
: | 6. The Corcenſian Gulf, between Corea and the utmoſt Shoars& beheld. 
N of Tartana and China. a 
S i 1- The Mexican Gulf, between America North and South.) 
= 132. The Gangetick Gulf, viz. the Gulf of Bengal, between 
J. or | the Shoars of Idoſtan and Malacca. | 
broad, | 3. The Gulf between Malacca and Camboia. | may be 3 
which 14. The White Sea, on the North Ocean, between Lappia & beheld. 
are and the Extreams of Moſcovia. | | | 
ix, as | 5. The Sea Lantchidol, between Beach and new Guinea, of 
the Magellanick Land. | 
16. The Sea of Hudſon, between new Francia and Canada, | 


TI ariſing fromthe North Ocean. 


. Magellanica, which comes from the Atlantick or Ethiopian Sea into the Pacifick, it is the longeſt of all 
1 the narrow Seas or Straits. | 
| Le Maire, nighto Magellanica, and the ſame uſe. 


Waigatz, about new Zembla, through which it paſſes from the North into the Tartarian Ocean. 
The narrow | Anian, which tends from the Tartatian to the Pacifick Sea, although at this time tis called in doubt. 
Seas or Straits, 4 Davis, of Forbiſcher, in which, is away from the Atlantick into the Tartarian or Pacifick Sea. 
to wit, of; The Straits of Gadirana, in which they paſs from the Atlantick Ocean into the Mediterranean Sea. 
| The Straits of the Arabian Sea, in which they paſs into the Arabian Gulf. 


$ | oY The Straits of the Perſian Sea, in which they paſs into the Perſian Gulf. 


Helleſpont and Boſphorus, in which they paſs from the Ægean into the Black Sea: : | 
C Danicum or Oreſcundicum, through which they paſs into the Baltick Sea, between Scanflia and Zealand. 


The Caſpian Sea is like to a Lake, but that it is Salt, and concerning it, whether it be peculiar, or whether or no it ought 
to be aſcribed to the ſides of the Gulfs gf the Ocean, with which it joins by a Subterranean way, is as yet a dgubt · 


. 


RIF 


| 


9 0 | A TABL E of the Earth. i | 2 
r = © Brittanniae- Canadenſi 8. 3 
ſof Great, 9 < Japonia. Sumatra. Novazembla. 
5 | # Iſlandia. Madagafcar, California. 


In = are 


a | | | After Page 62 


Java major. | Sardinia. 

Celebes. Friſlandia. 

Creta · | Newland about new France. 0 
Luconia. Mindano, Ceilanum. | 


Sicilia. 
I. Hibernia. 
Iſlands, < Of Mean, 13 Hiſpaniola. 
to wit, Cuba. 


Gilolo, Amboina, Timor, they lye between the Indian Iſlands. ae 
Fo Small, 9 J Corfica, Majorica, Ciprus, from Negropont, they lye into the Mediterranean Sea. 


Seeland of Denmark, and Jamaica, &c. in the Gulf of Mexicane. 
The moſt famous, being ſolitary or alone, are Rhodes, Malta, Lemnos, St. Hellens, St. Thomas, The 
Maderas, &c. 


» A pile, viz. thoſe which in ( Canaries, | Hot Madagaſcar. The Iflands of the 


a great number lye in the N Flemmiſh, Malucca and Bandana. | Robbers. 


E Leaſt, of ] Sea, very near together, Heſperides, 
C 


Philippina. Of the Ægean Sea. 
which we con- I as the The Gulf of Mexicane, Japponia. I About Britania. 
ſider | Maldiva, | The Iſlands of Salomon 
- Africa it ſelf, 
Of round ones, of which the breadth Peleponeſus, to wit, the Morea, Cherſoneſus of Greece, 
and length are about equal — "gg Taurica, vix. Tartaria Precopenſis, 
ambaja. 
Cherſoneſus aurea, to wit, Malacca, adjoining to India. I Jucatan, 
II. Cimbrica, to wit, Jutlandia, adjoining to Holſatia. | Cherſoneſus of Thracia, 
deninſula s, 4 Of Oblengs, of & Covea, adjoining to Tartary. New France. 
which are | which there are J The North and South parts of America. [> Cnidenſis. 
many | Myndenſis. 
Italy, Greece, Achaia, in particular Beach, the Country of Magellanica, and new Guinea, 
Adjoining pe- YHiſpania, Aſia the leſſer, Arabia, The Kingdom of Indoſtan, 2 
Lninſule's are Norway, with Sweden and Lappia, | New Britania in America, 
| | Monomotapa, Camboja, Oc. 


Of Corinth, between Peleponeſus and Achaja. 
Of Pannamenſs, viz. belonging to America, the longeſt of all. 


Between utlandia and Hollatia. 
Between Malacca ' and India. > The ſmalleſt on the Land. 


SE The bounds of 55 the North, the North Sea, the Frozen and the Tartarianifha, 


"HE f © © Between Egypt and Arabia, viz. between Africa and Aſia. 
III. 


he Old Orb, Y Aſia. Itheſe Continents (On the Eaſt, the Pacifick and the Indian Sea. 


Afri are. On the South, the South Sea. 
1 wn on the Weſt, the Atlantick Sea, 


IV. on the North, | the Strais of Davis. 


Continents On the Eaſt, the Atlantick Sea. 
to wit, {The non Southe: The Bounds Jon the South, the Magellanick Seas 
: : Lon the Weſt, the Pacifck Sea, 


| The Land of the North Polar, vize Greenland, compaſſed about every where by the Sea and _ 
„ TheLandof the South Polar. vis, Magellanica, unknown or not found; 
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Chap. III. Of GEOGRAPHY. 629 


muſt inquire the Itinerary diſtance-of two places 


in Miles, or which is more ſafe, in hours. 
Then take the Line of diſtance of the ſame places, 
which they have in your Chart, and divide that Line 


into ſo many parts as the Diſtance of places con- 
£: 


tains true Miles : So you will have a Scale or Miles, 


by the help whereof you may meaſure all the places 
inſcribed on your Chart or Map. | 
Tube Fadof GEOGRAPHY. 


[mm 


AN | 
EPITOME of O FTI 
The PF REFA UN 
. Abftics, which they alſo call the Inſtrument of the 

S. ght, and Perfpetiiue, is a Science which conſi- 
ders the d ſfferences, the properties, the affections and 
accidences of Viſible Species, or of things perceivable by 
te Eyes, and the Nature of Viſion it ſelf, and detects 
and corrects the Errors, which are often wont to ariſe 
rom Viſion or Seeing. 

2. Tis uſual to conſtitute three Parts of it | 

1. The Optics, ſo called in Particular, which afts 
ocerning the ſimple Viſion of Species, running in direct- 
through one Medium or mean into the Eyes. 

2. Catoptrics, concerning the Viſion of outward 
Ferms or Repreſentations reflected and beaten back by o- 
ther things. ow” 


autward Formaor Species refracted in di vers Mediums or 
Means, © 


— 


Part I. of OPTICS. 
HA. . 


Concerning the Eye, the Inſtrument of Viſion. 


* 


„ "Sn | 

I” FT He proper Organ and Inſtrument of Viſton or See- 
ing, is the Eye: As being the chiefeſt thing wit“ 

i 8 | the 
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630 Of OPTICS, Part] 


Other Senſes can never reach to: So the Structure 


the reſt of living Creatures, ſo firſt of all tothe uſe of Mes 
by a wonderful Artifice made by the Divine Wiſdom, to ij 
end that we may ſce, that is, that we may underſtand andye;. 
ceive the Species and Figures of things at a Diſtance. 
And tis a matter of very great concern, that Me 
and other living Creatures, know alſo thoſe thing 
which are far remote or at a diſtance ; not on 
that they may proſecute the Good, and fly timely 


from the Evil; butchiefly, that Men in Contempł. 


ting this whole Machine of the World, may knoy 
the Inviſible God, from the Viſible Things, and 
Praiſe and Magnifie him as the moſt Wiſe, tie 
moſt Excellent, the great Creator and Governor of 
all things. 5 

And as the other Senſes without the External au 
Corporal Inſtrument, percieve nothing; ſo alſo 
without the Eye a living Creature ſees not: And 
as the Sight is the moſt excellent Senſe of all, lead- 
ing us to*the knowledge of many things, which the 


of the Eye is moſt Artificial and Admirable, which 
from the Phyſical Science, or natural Philoſophy, 
is briefly to be repeated. | 

2. The Parts of the Eye are threefold, the Skins, the Humm 
zhe Sinews or Nerves. £7 

Underſtand this of the eſſential and chief Parts; for there 
are many of the ſecondary and accidental, having alſo notwiti- 
ſtanding their excellent Uſe z concerning which we ſhall lay 
ſomewhat in that which follows. — | | 

3. Any Eye hath three Coats or Skins: The Horny; the ficl 
that covers the Optic Nerves, and the Tunicle like a Net. 


This in like manner is to be underſtood, concerning the 
principal Tunicles common to the whole Eye; beſides wii, 
there are others alſo proper to certain Parts; fo that ſome ate 
wont to number eight Tunicles in all: But Tunicles in this place 
are called Covers, nich encompaſs each other mutual, and it 
volve and conſtitute the Eye in the whole or the greateſt par 
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4- The Horney, is that outer part which encompaſſes 
or covers all the remaining part of the Eye. 

The outer, to wit, with reſpect to the other 
principal parts: For alſo from the Pericranium is 
begat ſome very thin and pellucid Memhranes, ſaid 
to be related or a kin, which alſo covers this hor- 
ny Tunicle, and retains it as it were by a band in its 
place: And, tis called Horny, becauſe its foremoſt 
Part which ſticks out ſomewhat, is like a ſhining po- 
liſh'd Horn, although the hinder part without the 
White, 1s inwardly dark, thick, opacous, and 
nigh to griſtly. 1 

5. The Optic Nerve Tunicle, is that which is 
mithdrawn of the Horny, and alſo encompaſſes the Eye, 
but is not whole as the Horny, but is perforated by a hole, 
which is called the Apple or Sight of the Eye. 

And this is diſtinguiſned into two Parts; the firſt 
and outer is moſt black, drawing to a browniſh 
Colour, like to the huske of a Grape Stone, of 
which the Stalk is ſlipped of : But the hinder part 
is more Azure or Blewiſh, and is called Cherion: 
And that hole which we call the Sight of the Eye, in 
Darkneſs and in Night, is almoſt three times wider 
than in the Light, and encompaſſes the wide Circle, 
ſhining through the Horny, which is, called Iris, 
and is of divers Colours, Dark, Brown, Fallow or 
Yellowiſn, & c. according to the variety, of Tem- 
perament, and alſo according to the changeable Age 
of a Man. | „ 

6. The Tunicle, in faſhion of a Net, is the inmoſt, 
and is reſembling the Subſtance of the Brain, yet more 
Snively and Reddiſi, ariſing from the Strings or Nerves 
dilating or inlarging themſelves in the hollow Hemiſphere 
of the Eye. 

The Nets are like to the round end 1n a Sack 
(whence tis called Retina, Reticularis, that 1s like a 

8 4 Net) 
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632 OF UPC. PartT, 
Net) or more like to a Tunnel or Funnel ; to this 
on the forepart round about, ſticks or adheres that 
which is called the proceſs, belonging to the Eye- 
lid, ariſing from the Optic or Sinewy Tunicle, and 
diſtinguiſhed like the Teeth of a Combe; and from 
thence they receive their Name, becauſe they are 
made of Hairs from the Optic Sinewy Tunicle, in 
the manner of the Eyelids; proceeding as it were 
from caſting forth bright Beams, and are like to 
the Hairs of the Eyelids. 

7. The Humors of the Eye are three: ; diſtinguiſhed 


by their Seat or Place on every ſide, to m. 7, W. atery, 


Chriſtalline, and Glaſſey. 

8. The Watery poſſeſſes the foremoſt Sea 05 the Eye, 
between the Horny T unicle and the Chriſtalline Humor, 

Tis moſt thin, ſhining, fluid like Water, whence 
alſo it receives its Name, yet clammy as the white 
of an Egg: And ſtrangled i in the middle, return- 
ing into the neck from the Optic Nerve, which flows 
within and without the hole of the ſight of the Eye. 
9. The Chriftalline Humor, 7 in the middle be. 
tween the Watery and the Glaſſey Humors, folded in y 
pellucid Skin or Tunicle, which therefore 1s called Chry- 
ſtalline, alſo Arachnoides or the Web of a oe”; by rea- 
fon of its thinneſs. 

For it Contains theChryſtalline Humor in the mid- 
le of the Proceſs of the Eyelids, like the hanging 
up of a Spiders Web: And the Chryſtalline Humor 


is tranſparent and ſhineth like to a Glaſs made of 


Chriſtal ; nor yet is it hard, nor flewid, but like 

to Wax yet ſomewhat Firmer. 

10. The Glaſſy Humor reſides in the hinder part of 

the Eye, wrapped up alſo by a moſt thin and ſhining little 

Skin called Hyaloides Tunica. 

Tis ſhining, alike as Chriſtal, but ſofter, yet fix- 

edand like to melted — in which the Cn 
ne 


Chap. OF OPFFrCS 633 
line Humor reſides in its latter ſeat, as a precious 
ſtone or gemm in a Ring. "50 
11. Of the Nerves or Strings of the Eyes, ſome 
are Movers or Stirrers, others are Inſtruments of Sight 
or Optics. | | 
T hoſe motions of the Eyes, do Service in a ſix-fold 


manner, by lifting up, by depreſſing, by two be- 


ing tranſverſe or croſſwiſe, and all of them being 
circular. : 

And the Optics or Inſtruments of Sight are one 
to each Eye, which notwithſtanding meet or con- 
vene both in one, which the Brain ſuſtains, "and is 
the vehicle Spirit or life of Sight. 

And theſe things are to be foreknown concerning 
the ſtructure of the Eye in Optics, which the moſt 
wiſe Maker or Builder hath placed on high, as the 
Windows of the Mind or Underſtanding, that the 
Sight may extend to places further remote, as from 
high Mirrors or looking Glaſſes : And he includes 
them in hollow places to ſecure them, and for the 
ſake of a more expedite motion hath made them 
Spherical, and in movable Orbs : Briefly, he hath 
likewiſe directd all things which ſeem very little, 
to moſt excellent Uſes; concerning which ſome 
thing ſhall be ſaid in the Procedure. 

And in this place alſo we muſt note, that 


12. The Eyes of Men are either Myopec, or Preſ- 


bytas, or Oydeteſoi. 


1. Myopes,are they,whi ch ſee diſtinctiy near at Hand, 


but more confuſed afar of; as he that actsa ſedentary Life, 
applies himſelf to Learning, or other ſubtil Artifices, and 
accuſtoms his Eyes to things near at hand, but to things 
remote he ſees but little. 5 

2. Presbytas, are they, which ſee remote things di- 


 ftinftly, and things near at hand confuſedly, as old Men 


for the moſt part; whence is derived the Etymology : Or 
becauſe 
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becauſe by a Child, the Eyes are accuſtomed more to re- 
mote things, than to things nigh at hand. | 

Laſily, Oydeteſoi are thoſe which ſee neither ove na 
the ot her, but all things confuſedly, As being dimſighi ed; 
or they behold bot dlſtinctly, as thoſe which are eadued 
with ſound healthful Eyes. 

Hither alſo are referred Nictalpes, which like Cat. 
ſee better by Night than inthe Day-time : See the Scheam 
of the Eye at Fig. 205. where. 


A A, is the protuberance or ſwelling out of the 
Horny Tunicle. 5 
RR, is the opacous latter part of it. 
CC, is the foremoſt part of the Optic Sinewy 
Tunicle. _ 
NN, the latter or hinder part. 
B, the hole, the fight of it, with the ambient Iris, 
or Circle with divers Colours, which is between 
the white, and the apple or ſight of the Eye. 
H, The netty Tuaicle, to which they adjoia or 
cleave on the forepart. | 
EH, The Proceſs belonging to the Eye lids. 
LL, The growing Tunicle. 7 
EE, The Chryſtalline Humor, included by that 
like a Cobweb. 
F, The Glaſſy Humor, cover'd by the glaſſy 
green Colour MM. 
DD, The watery Humor. 
G, The Optic Nerve. 


— 


| CHAP. 
Concerning the Object ſeen, and the Rindes of 
Viſible Things. 

i He object ſeen, is obſerved or Viſible : which is 
T fo, either by AF, or alſo by Power. _ 
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For whatſoever ſeems or appears, that likewiſe 
may be ſeen: But not every thing which may be 
ſeen, does alſo appear: And there are many viſible 
Things, which not only incur to the Eyes of one 
or another, nor to the Eyes of all Men, nor per- 
chance will ever incur in this Life. 

2. Tis from viſible Power or Poſſibility, that altho* 
by reaſon of Impediments coming between, tis not ſeengever- 
theleſs it may be ſeen if the Impediments are removed. 

So in darkneſs many things are in poſſibility Vi- 
ſible, which nevertheleſs by reaſon of Darkneſs in- 
tervening are not ſeen; but they may be ſeen; and 
by light arriving they are actually ſeen. 1 

3. And Viſible Action is, that which grants or ſup- 
poſes to all things the neceſſary requi ſits to Seeing, being 
perceived by the Eyes themſelves. 

There are many ſuch requiſits which are required 
either to plainly Seeing, or to See well; of which 
one or another being wanting, the Viſion or Seeing, 
becomes either none at all, or confuſed and erroneous. 

And for this end the Optic diſcipline is invented, 
which explains all theſe requiſits, and detects and 
corrects the Errors of the one and the other Spring- 
ing up. 

4+ Morcover ſome viſible things are Viſible by them- 
ſelves, others by accidents. 

5. A thing is Viſible by it ſelf, which is bereft by Sence, 
that tis perceived only by Sight, excluding the help of o- 
ther Sences, 

6. And tis either Primary, which is ſeen by it ſelf at 
fir&# Sight, alſo in darkneſs, as all lucid or ſhining 
Things Or ſecondarily, which in Darkneſs is not ſeen, 
but only is made by clear light; as Colours. 

Theſe Viſible things may be confidered two- 
fold; 1: Abſolutely, even as they are in 3 
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and in their own Nature; 2. with relation to the I an 
Eye, to wit, how they have each thing in them- th 
ſelves by the agreeing Operation of it: This lat- 0 
ter conſideration is Optics, the former is Phyſics or 
natural Philoſophy ; notwithſtanding ſome things Dy 
alſo are to be aſſayed, before we proceed in Optics 

with an inoffenſive Foot. D 

7. Viſible by Accident, (which alſo are viſible by ano- 
ther thing, and are called common Viſible things ) are they 
which 8 not themſelves to ſight at the firſt and by them- 
felves : But either are Viſible by being Privatiue alone, 
or abſent by themſelves ;, or not ſeen alone, but they are 
commonly perceived by the help alſo of other Senſes, or by 

reaſoning. 5 20 | 
Brightneſs, Darkneſs and Shadows are beheld Pri- 
vative, for theſe are perceived by the abſence of 
Light, but that by the abſence of Colour. 

But thoſe things which are perceived alſo by ano- 
ther Senſe, and by the help of Reaſoning are many; 
which yet may ſeem to be reduced to the following 
Kinds: As they are, 

1. Magnitude, ander which is contained Continuity 
or whole length, and Seperation : Smoothneſs and Rough- 
neſs : Thickneſs and Jhinneſs. -_ 755 

2. Place, under winch is contained various Diſtances 
and Sites; to the Right-hand, to the Left-hand : Up- 
wards, domnmards; before, behind. 

3. Number, under which, Identity or Sameneſs, and Diverſity. 

4. Figure, under which is contained Fairneſs and Deformiiy; 


Likeneſs and Upnlikeneſs. : 
5. Motion, under which in contained the oppoſite to reſt. 


HEAT MM. 
Concerning the Primary Object of Sight, viz. 

| Light, and bright Things. 
of the Primary viſible Objects of the Eyes, 


are Lucid thinos, not Colours, as are commonly 


ſuppoſed. For 
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For Colours are not rendred Viſible but by Light 
and in the Light; Lucid or Shining things are ſeen of 
themſelves, alſo in Darkneſs, which is from the rea- 
ſon of the Object. | | 

2. Lucid things, are denominated from Light, which 
ij either Natural, or ariſes from the firS. | | 

3. Original Light, viz. Created by God the firſt 
Day of the World, tis not an Accident but a Subſtance. 

For 1. There was not any thing Created with it, 
but it was a Primary Creature; 2. The fountain 
and original of all Light in the World; 3. The 
containiner of Quantity: To which God Attributes 
the Praiſe of Goodneis before other things. 

4. Nor yet is it a Subſtance of it ſelf made of any 
Matter, but without Matter, or Immateriated, _ 

For Materiated, is that which is made from mat- 
ter, or drawn out from the Power of it, but Light 
is not Educed from matter, but is Introduced into 


it ; not exiſting as Partaking of it, but that it might 
ö render to it a Partnerſhip or Partaking : For Mat- 
8 ter in the beginning was drowned in Darkneſs, 
Geneſis the 1. Therefore Light could not be ſtretch- 
5 ed out of it ſelf: Indeed God commanded the Light 


to Shine out of Darkneſs as in the 2 of Corinthians 
and the 4, but this is declared concerning Place, 
not concerning the matter of Light; read alſo the 
2 of Cor. and the 6, where he ſaith, and what Come 
muni on hath Light with Darkneſs. 

Laſtly, every Materiated thing is compounded 
of many Parts, and divided into the ſame by real 
Seperation, and is ſubject to many other Mutations 


and Changes, which cannot be ſaid of Light. 
5. Light, is a Subſtance, endued with three eſſential Faculties, to 
wir, with the Virtues of Enlighming, of Heating, amd of Moving. 
1. TheVertue of Enligbining, is without doubt, that which dil- 
pels Darkneſs, detects obſcure things, renders or yields viſible 
Colours;Exhileratesand makes glad theCreatures,and performs 
| innumerable 
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innumerable other things, which God diſpenſes to 
his Creatures by Light, as it were by a Channel. 

2. The Vertue of Heating, Experience alſo ſhews; 
for Light hath always Heat conjoined as an unſepera- 
ble Companion as we find this in many other things 
but chiefly in the Sun, which as it is the fountain 
and original of Light, ſo it is alſo of Heat: And 
as Cold follows after Darkneſs, ſo Heat follows after 
Light; Thus the Earth is moſt Dark and moſt Cold. 
3. . Not leſs evident alſo is the Power of movins, in 
Light, and is adjoined to it by Heat: And where 
Heat is, there alſo Motion follows; and Groſs 
and cold things, as Water Frozen, the Earth, and 
Stones, want Motion of themſelves : But from Fire 
which looſes Vapors into Smoak, or being haſtned 
and incited in another manner by Heat, they aſſume 
Motion, and communicate Motion ta things, in which 
they are incloſed between: That now ſhall I not ſay, 
that the Sun, in which Light and Heat are fonnd in 
the greateſt Degree, and moves by a moſt ſwift Mo- 
tion, is underſtood alſo to turn about other movables. 

Therefore Light is the original Subſtance, conſti- 

tuted by three diſtin& Faculties, yet making one Eſ- 
ſence, viz. furniſhed with the, Power of Illuminativr, 
of Heating, of Moving; from which all Light, Heat, 
and Motion which is in the World, after Gd, is pro- 
duced in the firſt place, and by it ſelt. 

And although according to the number of theſe 
three Faculties, it ought to be called by three Names, 
yet commonly tis only called Light, from the facul- 
ty of Enlightning, as the moſt potent, and more 
known and manifel the conſideration of which a- 
lone belongs to this Science of Optics. 

6. The Nature of Light, # of it ſelf Spiritual and 
conſiſting in a point, penetrating mo## ſolid Bodies, il 
they are Pellucid. 


For 
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For every Immateriated thing is Spiritual, and 
the leaſt or ſmalleſt Spark of Light which may be 
ſen, makes glad by its Light. not leſs than a burn- 
ing Mountain or the moſt vaſt Body of the Sun : 
Since therefore it hath, no determinate and definite 
Quantity, it muſt needs be, that the Eſſence and 
Nature of it conſiſts in a point. 

7. The most ſimple Light conſidered without all Mat- 
ter, is Inviſible: But being Immerſed with any matter, 
and incorporated in it, and ſo not any more Light, ſim- 
ply exiſting, but is made a Lucid Body, and is ſeen by it 
elf, and Wlrſtratins or Enlightaing other things, cauſes 
them alſo to be ſeen. 


Therefore here the ambiguity of the word Light is 


well to be noted: For tis taken either for ſimple Light, 
confidered abſolutely in it ſelf, as when God ſaid let 
there be Light, Geneſis the 1. Or for Light exiſting in 
ſome certain matter; in which manner it is not any 
longer ſimple Light, but becomes a Lucid Body: Al- 


though therefore ſimple Light without matter is no 


longer in the World, nor perchance alſo never hath 
been; (for Moſes teſtified that not before, but after 
matter, and in matter Light is encloſed) but only 
abſtracted from Matter by Cogitation as other forms, 
although they continue always in Matter, yet by the 


Mind they are wont to be abſtracted from it: Vet 


notwithſtanding by the common ſpeaking, they are 
called alſo Light, all thoſe Lucid Bodies which are 
endued plentitully with Light, they have the Power 
of enlightning others: Such are the Sun, the Stars, 
and all Fires under the Heavens: And in this ſigni- 
hcation alſo we hereafter ſhall uſe the word Light: 
Which Light in matter, at length becomes Viſible, 
fince in its ſimplicity it cannot be comprehended by 
Eyes: For without matter, Light is a Point, 9 
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640 orie Part T 
indeed (unleſs as often as the extream of quantity 
is conſidered) ts not only ſo: And becauſe tis not a 
material point of no force in it ſelf and dead; but 
being formal, is moſt efficacious and lively, diffu- 
ſive of it ſelf, capable of Quantity and Magnitude 
(even as we ſee the leaſt ſpark may be increaſed in- 
to ſo great a Magnitude that it will enlighten 2 
large Space) therefore from this diffuſion of it ſelf 
and from the aſſuming of quantity, tis alſo ren- 
dered Viſible. Which cannot be, unleſs it can Com- 
municate it ſelf into fit Matter, in which to dilate 
it ſelf; leaſt that by dilating it ſelf into nothing, it 
fhould undertake a diſappointed worke, which is 
contrary to Nature. | 

And thatquantity of Light is not Marerial, which 
is made by the increaſe of many Points, to a certain 
diſtance continued or joined together ; but Formal, 
being made by the diffuſion of it ſelf into Matter. 

8. Theimmerſed Matter of Light agrees to any point 
by Kadliation, that is by the Efflux or Ejaculation of it in- 
to a diſtant Place, and if nothing hinder, it radiates Spbe. 
rically and orbicularly ;, that is into every oppoſit Point to 
which a Right-line may be drawn, 

For the Office of Light, is to communicate it {elf 
to other things, and to Illuſtrate them, that they 
may be ſeen ; which ſince it cannot be done by the 
acceſlion of the fountain it ſelf to things: It remain- 
eth that it may be done by the local enterance and 
efflux or flowing from its original Point: Which point 
is central, diffuſing or ſpreading it ſelf into the orb, 
which that it may enlighten all round, as becauſe a 
3 is every where alike, having no cauſe why it 

ould ſpread it ſelf into one Coaſt or Part more 
than into another, tis neceſſary likewiſe that this 
Efflux or flowing ſhould agree. 


9. And 
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9. And to this E flux a midele ſpace is required, 
through which the paſſage of Light is given to diſtant 
thin Ss I a : CPN 

= this Eflux is of Local Motion , which ne- 
ceſſarily requires ſpace or place in which it ſhould 
be made: And ſince this ſpace cannot be emptineſs, 
which nature doth not admit, therefore it muſt 
needs be a Body, and not opacous or ſhadowy, but 
perſpicuous, or pellucid, and paſſable to Light. 

10. For Light only paſſeth manifeſtly through perſpicu- 
uy or Pellucid Bodies; but through Opacous, either not 
at all, or inſenſibly. RF is | 
pellucid from the reaſon of the Name, is that 
which ſome Light ſhines through, which alſo is cal- 
d Perſpicuous , as often as any thing is beheld 
trough it: Thoſe Bodies are ſuch which are, 
1. Chiefly One, that is being made diſtinctly, and 
not uneven by any variety of Superficies, but con- 
ſtituted by a moſt equal courſe of all the inner Parts 
terminating mutually in themſelves: 2. Compoſt 
by no Thickneſs, or by an indifferent one. 3. More- 
over Tinged with none or a very little Colour: For, 
Colours do not altogether hinder Shineing through, 
but then only, when either by Reaſon of the groſs 
plenty of the Colours they exceed the mean, or by 
ſome Impediment intervening, they introduce ob- 
ſcurity: Eſpecially when they are very much Black 
and very much White, they are not paſſable to 
Light, and therefore neither Pellucid : And Pel- 
heids differ by degrees: The Sky holds the firſt 
Place among all, and clear Water the ſecond 
ryſtal ſucceeds theſe; next Glaſs, then Ice, Al- 
bm, Horn, and ſome Gems: Pellucid is oppolite to 
4acous, which Light paſſes not through; and Opa- 
113 uneven by many Superficies, and obtains much 
f Thickneſs and of Colours: Although perchance 

themſelves no * are ſo Opacous, _— 

| d 8 
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by reaſon of ſome thinneſs, permit not ſome paſſage fi 


to Light, which nevertheleſs by reaſon of the Weak: | 
neſs of our Eyes is not perceived. | bs 
11. Every Point of Light flows from many Lines. 
For the Spherical, from which this flowing of fl © 
Light frames the enlightning all the Orb round a. . 
bout, hath many Lines extending from its Center ** 


to the Superficies.. 

And henceariſes another Diſtinction which ſome © 
make a diſpute, between Zight as the Fountain, and 
Light as it were a ſtream; for they call that Light, 
which is in a Lucid Body, as in the Sun: but that: 
light Body, which is produced from Light and flows 
every where: Nevertheleſs this diſtinction is not 
perpetual, for very often theſe two Words are con- 
tounded by ſome writers,and one uſed for the other, 

12. Light being apt to proceed very far from it ||, 
is bounded by the Terms either of deficient matter, a 


not convenient to receive the Light. caſt 
For the nature of Light conſiſts in a Point, fron the 
which flow innumerable others to the conſtituting. 


the greatneſs ; which greatneſs as it conſiſts ina 
Point, ſo alſo it ends in a Point : And ſince alli lr 
Points are of the ſame Nature, therefore the ,, | 
Powers are the ſameof the Laſt as of the Firſt, nei 


thar ever doth this flux ſtay, as long as receiving 181 
matter is at hand; without which, Light, as it act uy 
not in vain, ſo never intermits its Operation be _.. 4 
tween thoſe things that are proper. eme 
13. The motion of Light is not made in time, but. 
4 moment. F Bo : Ee ol ** 

Experience proves this, for if ſome Light be hic e 
againſt, and the covering ſuddenly taken away, It 10 
doth not enter by Iittle and little, but in a moment i,, 5 
alſo it enlightens all the remote Places, to whic hg 
the Power of it extends: For ſince Light of it ſel 50 5 
wants matter, neither hath it any thing — = 
| | h | IN. 0 
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ſlape fſts it; nor weight, by which the powers or forces 
eak- ¶ of it are meaſured. | : | 
14. Light in it's Efflux proceeds by right Lines, whith 
are Called Rays or Beams,  _ | | 
5 OW For it affeRs the Spherical Figure, whoſe gene- 
ide. ration conſiſts in equallity of Intervals, through 
Me which Point in the middle, *tis divided in the Su- 
: perficies by right Lines. „„ 
15. And it acquires by this, right Motion,; or 
2 And by the right-line Efflux, two Dimenſions, Vit. Length 
BUY 1nd Breadch. iy „ 
at For from all the Points of Light, flowing from 
lone tight Line Motion, as well in Length as in Breadth, 
nog Superficie conſiſting of Length and Breadth muſt 
6 needs ariſe from thence. . 
%. 4 Diminiſhing to Light in it's departing from the 
/ , center, happens in the Breadth but not in the Length. 
"2 "WW For the Length of Light depends on a continued 
caſting forth of Points of Light; of all which, ſince 
the Nature and Subſtance is the ſame, and the Mo- 
mentany ſtrong Caſter forth the ſame ; the ſame. 
mixture of all the Rays or Beams between them- 
klves, as well in the beginning or Origine, as in 
the diſtance removed from the ſame, no diminiſh- 
ing hath place; which is otherwiſe conſidered in 
Light, from the Ratio of Latitude, where the Rays 
are joyned at the Center, and they mixed by it 
wider between themſelves, by how much they are 
remoter from the Original. 8 22 
17. Light falling on the more Thick Superficies of an 
Opacous Body, is reflected or beaten back, into the op- 
poſit part from whence it came. | 
For the Motion of Light, is Action, conſiſting be- 
tween contraries ; which contraries in this Place 
ae Perſcuſſion or Smiting, becauſe Light carries the 
duperficies towards one part, and Repercuſſion or 
beating back, into the other part. 3 
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But hence two kinds of Light ariſe, of which the Nc 
chief is, the Efflux it ſelf of Light from it's Foun- Half 
tain; as if the Sun ſhould ſhine through the Window Li. 
into the Chamber; but the other and ſecond Light, 
is the Repercuſſed or Reflefted, which is procured by 
Reflection from that firſt or Chief; ſuch as is in 
the remains of darkned Angles of Houſes much 
differing in Degrees, becauſe one may procure the 
other, ſince Repercuſſion agrees to each. 
18. Light falling on the Superficie of a Thic ler a 
Thiuner mean, than that is which it enters firſt, is re. 
frafted or diminiſhed , ſo that one right-lined Ray 
departs into two Conti guous ones, | 
For becauſe Motion is proper to light, this pro- Lis 
perty of Motion alſo happens to it, which is the rea 
Impediment from the thicker Superficie ; and this ma 
is the Third kind of Light which from the Optic tire 
is called Refrafted. of 1 
19. Light either paſſing Coloured things or near ff fro: 
them, and recoiling again, is imbrued and incompaſſed h . 
the ſame. | | 
7 1 Colours enlightned and repercuſſed, ſhine gun 
as Light it ſelf, and this is ſeen in Light paſling MW Wi. 
through Windows, which conveys the Colours of Coll 
the Window to the Objected Bodies: And paſſing i Dar 
by or over green Meadows, it ſeems green, from the Con 


Light being imbrued by the green. in P 
9 Blac 
— 5 9 = Wo 

CHAP IV. _ Fog 


Of Coloars. 


I. # \Olours are not reflected by the Power of Primas 
Objects, but of Secondary Objects of ſight. 
For Light is ſeen by it ſelf, although in darkneſs 
which is from the Reaſon of the _ ; -_ 
EY | OLOUT 
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Colours are not ſeen in darkneſs, although they 


alſo exiſt in darkneſs, but are only enlightned by 
Light: Therefore although Colours are alſo viſible 


by themſelves, in reſpect of them which are ſeen 


by accident, or by another only; yet they have not 
che Reaſon of the Primary Object, but of the Se- 
condary only, as often as they are allied to Light: 
Therefore as of Light, ſo alſo of Colours, the Rea- 
ſon and Nature ought to be underſtood aforehand 
in ſome Meaſure. | 

2. The Principles of Colours are Light and Darkneſs. 

For in theſe are the Radixes of all Colours, or if 
we may ſpeak Vulgarly, the chief Colours are 
Lightiſh and Darkiſh; which notwithſtanding is not 


real Colour, but only the Privation of Light in 


matter; Whence thoſe things which are ſaid poſi- 
tively concerning Darkneſs, are to be underſtood 
of matter, not as it is matter, but as being deprived 
from Light. 

And that from Darkneſs and Light Colours are 
begot, the Colours of the Rain-bow may be an ar- 
gument; Likewiſe of Clouds, of Cryſtals, of 
Windows which are enlightned by the Sun; which 
Colours are begot, from the mixture of Light and 
Darkiſh matter: So alſo Ruddy or Red Colour is 
Compounded from Lightiſh and Black, as appears 
in Prunes, in which from a mixtion from Fire aud 
Black Coals redneſs is begot ; the flame of green 
Wood makes a Light Red or Yellowiſh; becauſe the 
brightneſs of the Fire is mixt with Black Smoak. 

Alſo the Sun, although being White and ſhining, 
being beheld thro' Miſts or Smoak, it appears ot a 
Light Red or Yellowiſh Colour. | 

Therefore ſince all Colours are from the ſame 
kind, why ſhould we not appoint the ſame Origiae 
to be of all, to wit, from the Commixture of Light 
and Darkneſs, which may be infinite, and by no Man 
fully to be comprehended. Tt 3 3. There- 
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646 _ FF UVPTICS Part.]. 
3. Therefore all Colours are nothing elſe than divert 
commi ætures ariſing from engrafied Light, and Matter 
of Darkneſs. ? 
The Cauſes and Eſſence of them are ſo controver. 
ted and obſcure, that Scaliger ſays, How is it mani. 
teſt that they are Colours? which is true, if you 
underſtand it concerning the degrees of Mixture 
of every one; the variety of which ſeems to bea. 
bove humane underſtanding ; as alſo from the de. 
grees of difference of all other Mixtures : but if we 
be ſtained by no preconceived falſe Opinion, but 
love the truth, we may eaſily arrive at, though not 
the perfect, yet ſome knowledge of Colours, to 
wit, if we begin from the firſt Colours of Light and 
Darkneſs (for theſe are not Coloured) and look in- 
to the Nature of them accurately ; From which it 
will eaſily appear that all the reſt are noother than 
divers mixtures of Light , and of Matter belong- 
ing to Darkneſs, and ofa Degree lying between li- 
finite extreams. 5 

4. Therefore the Extreams of all Colours are Light 

and Darkneſs. | 

For theſe as they are beginnings , ſo are they al- 
fo extreams; and as it were Limits or bounds, which 
no Colour may tranſcend. 

5. But of the Beginnings of theſe Colours, the Ex- 
treams are Whiteneſs and Blackneſs ;, of which, that 
cometh neareſt to Light, this to Darkneſs. 

Therefore Mhiteneſs is a Colour, for the moſt 
part of Light, having little of Darkneſs ; on the con- 
trary,Blackneſs,having much of Darkneſs ; and little 
of Light: Light, is living Whitneſs; Whiteneſs is as it 
were dead Light, which pours not forth it ſelf imme- 
diately : White Colour receives all other Colours; 
and therefore, in like manner as light, by it's power 
is all Colours: But Black receives no other:for tis on- 
ly a Privation of Colours, and whatſoever it hath of 


art, L Chap. IV. FO PT ICS. 647 
koſitive, it hath all that not of it ſelf but from 


att Matter. 
6. The ri TA of * ads Colmers berween White 
neſs and Blackneſs ;, thoſe have leaſt Light , which moſt 
depart from Whiteneſs z thoſe have moſt of Nen, 
which come nigheſt to Blackneſs. i: 

The middle or mean P 8 Whiteneb and 
Blackneſs ſeems Red or Ruday, mixt of equal Porti- 
ons of Light and of Darkneſs From hence if you 
would aſcend to Whiteneſs, this ſeems to be the or- 
der ; Red ,, Green, a Bright Yellow, White : If from 
the ſame Pad: you would deſcend to Blachneſs; 
this order may ſeem to be conſtituted ; Red, Blue, 
Brown, Black. 

And between every « one allo may be conſtituted 


innumerable differences, according to the degrees 


h it 

han of mixture of them: Therefore that commixture of 

nz. MW Colours from Light and Darknefs is certain, al- 

In. though the way of mixture, and the degrees of e- 
yery one, is paſt finding out by Human Weakneſs; 

gr Which alſo comes in ule in other mixtures; For 
who ſhall tell me how many varieties of mixtures 

al- W may be made from one Veſſel of Wine and of Wa- 


ch ter, if all the degrees ought to bo ohſerved? in 
which things, ſome Image of unmeaſurableneſs lies 


hid. 1 (2 
7. Laſtly, tis to be noted, hat ſome Colours are true, 
hs apparent. * 


The true, are thoſe which ariſe from the proper 
and ingrafted Light, and yemain always in 1t's 
Subject, even in Darkneſs : and Appar ent, are thoſe 
it Y which are hegot only from accidental Light, which 
departing again, they vaniſh : ſuch are the Colours 
; Which are beheld in Looking-Glaſſes, Windows 
r enlightned by the Light of the Sun, in the Rain- 
„bow, in Clouds, & c. which are not inſeparable 
f accident, as the Colours in Cloath ; If ſo be they 
| n ap- 
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648 Of OPTICS. Part], 
appear not all inthe ſame Place : Whither alſo, by 
ſome are referred the Wings and Plumes of F eathers 
of Peacocks, of Doves, and of other Birds; Bu 
theſe ſeem more to be true and inherent Colour, 
and to have only this peculiar, that each 'Superficie 
is of Divers Colours: Whence it comes to paß 
that they appear ſometimes of a Golden, ſometime; 
of a Green, ſometimes of a Blue Colour + That 
which Art alſo imitates oieall in the Weaving of 
Silken Garments. 


— 
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Concering Viſible chin by . 9 
„Bs many viſible things by accident, whit 


are beheld by e there deſerves a peculiar 


co deration, viz. of Pellucidity, or Shining, of Dark 
neſs, of Shadow. 


For the others rehears'd before, which are known 
by the help of other Senſes, or by the Benefit of 
Reaſoning z as Magnitude, Place, Number, Figurt, 
Motion, and thoſe things which are comprehended 
under theſe, are known, not only from Mathemati- 


cal and Phyfical Diſcipline, but alſo by daily uſe and 


experience to all. 

2. Pellucidity or Brightneſs, is the quality of Bodies 
which are conſpicuous either from no Colour, or from ano- 
proper Colour. 

Therefore all brightneſs is of the Sky, which 


| indeed hath not the leaft of Colour which can be 


perceived : The Argument of which thing is,that it 


- tranſmits even to us, clearly and undefiled, thę ſmal- 
leſt of the Stars, with the difference of Colours, which 
would be tiuged from the Colour of the Sky if there 
were any: Therefore ifit were law ful by Phyſigs,the 
whole pace of the Sky may be accounted for Vacu- 


um 
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um or Emptineſs : Next to this clearneſs of the 


Sky, is the clearneſs of the Air, which alſo of it 


ſelf hath no Colour, altho' being illuminated croſſ- 


wiſe by the Sun- beame, and beheld a great way, it 
acquires a Blewiſh Colour, commonly call'd Sky: Co- 


jour, and is thought to begin in Heaven: When ne- 


vertheleſs this Colour is inherent to the Air, which 
appears from this, becauſe very remote mountanous 
Places, by the moſt pure Air Shining through them, 
paint themſelves upon Paper with a Blueiſh Colour, 
by ſo much the more ſad and obſcure as the Interval 
or. Space 8 len ĩ⁊ͤ 5 A 
To theſe ſucceeds the Pellucidity or clearneſs of 
fair Water, of Cryſtal, of Glaſs, of Ice, &c. which 
indeed have Colour, but little and thin, and they 
eaſily aſſume the Colours of neighbouring things, 
by which theyare made conſpicuous. 
3. A Shadow is the diminiſhing of Light, by an opa- 
cous Body interpoſed. 1 8270 
For when light caſts it ſelf on ſume Body which 
denies paſſage to the Lucid Rays, then a ſhadow is 
begat or generated, which is behind the Opacous 
Body: Notwithſtanding a thick Pellucid alſo may 
caſt a Shadow in a thinner Mean: So a Watery 
Globe in the Air oppoſite to the Sun, caſts a Sha- 
dow although thin: Yea alſo the Air it ſelf makes 
a Shadow, but only perceivable in the Sky, where 
the Moon is deprived from its Light. 
4. Darkneſs is the total pri vation of all Ligbt. 
Such only was in the Abyſs, before Light was 
Created, and perchance will be in the Infernal Dun- 
geon of the Damned, which therefore is alſo called 
utter Darkneſs: But at this day, after the riſing of 
the Sun, properly ſo Speaking, there is none: But in 


Speaking improperly or in compariſon, moſt thick 


a 


Shadows alſo are called Darkneſs; ſuch is in maſt 
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Chap. en ..Of OPTI C W. L 650 65 
deep Priſons, and Places inacceſſible to all Light: 
Likewiſe under Day, by Night; by a new Moor 
and from the Heaven cover'd by Clouds: For elf 
Nightis no other thanitheShadow of theEarth, which 
ifwe could elevate above the Sky, the opacous Body fro 
projected from the Earth would be diſcerned in the 

moſt clear Lightof the Sun. I, 21 


— — © anc 


er 27 


Concerning Radiation or Shining and Viſil. 
Beams, and the Ang les conſtituted by them. 

1 F the Radiation of Light, even as from a pri. 
Imam) Viſible, are had alfo other Viſibles, which 
Radiate or Shine; that is, they pour out their Species 
through apellucid Medium. © 
For as other Senſibles, Sounds and Smells, ſend 
forth their Species: So alſo Viſibles always ſpread 
abroad ſomewhat : For becauſe to Communicate 3 
themſelves afar of, that is, being look*d upon they MW Lin 
ought to appear; therefore alſo by the Diffuſion of 
their Species, from the imitation of Light, this com- 7 
munication muſt needs be made. And this Diffuſion WF whe 
is called in the Optics, Radiation or Shining, which the 
notwithſtanding all other things beſides the Light, MW don 
they have it not from themſelves but from Light, be d 
which Communicates it ſelf not Intrinfick only, but i dow 
alſo Extrinſick to all things to which it may extend, righ 
of which alſo it puts on the Colour and Figure. gar, 
Therefore although all things ſhould have their Light wit ing 
in themſelves, whereby they ate Coloured and Figured; et Tea 
this Light is as it were bound in Matter, neither can it g 
forth: But when Light is alſo Communicated to Extriniic 
. things, and Illuſtrates them, then at length by means of this 
Communication, and by the Illuſtrated Light, and by putting 
on the Colours and Figures of things, they alſo ſpread abroad 
and Communicate themſelves, and fo as the Optics ſpeak, the) 
may Radiate or Shine. | . 

N 2. Therefore 


Part I 

2. Therefore Radiation or Shining, or being Radiated; 
y no other, than of Light either Primary from its fountain, 
or Communicated by other things, and tinged by the Col 
Jour and Figure of them, by the Ejaculation proceeding 
from the Superficie of them. d. n 
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This communicated Light, although alſo refſected 
and reverberated by things,” to which ie Cs 


municated : There is nevertheleſs ſome difference 


between this Communicated, and that which the 
Optics at another time call Reflected or Reverheta- 
ted, of which hereafter : For light Reverberated:i$ 
notwithſtanding the Light of that thing, from 
whence this flowing or falling upon is laid open 
or appears: But this communicated Light now he- 
comes after a ſort the Light of itsSuperficie, to which 
it was communicated, and which Illuſtrates it. 


3. And this Radiation alſo is made according to right 
Lines, which are called Radii or Beams. 8855 


* 
7 


Therefore a Ray is no other than a right Line, 
whereby a viſible Species is ſpread abroad, to wit, 
the ſhorteſt way; which Nature where it can be 
done, always inſiſts on: This Rectitude may-alfo 
be diſcerned by the Eyes, in the extreams of Sha- 
dows terminated by a lucid Ray, which are always 
right Lines by reaſon of the direct Rays The Vul- 
gar, think Rays to be the diffuſed Light it ſelf, be- 
ing deceived, becauſe the Optics for the ſake of 
Teaching often times ſo ſpeak, as if they wert the 
Lucid Lines of Rays, and they repreſent the Ra- 
diation of Lucids hy right Lines, hut tis a miſtake, 
for they are only the motion of Light: As theref6re 
other while, right Motion is a right Line, by which 
a moveable Body goes: Soalſo the motion of Light 
is a right Line. And as a right Line of Motion of 

EY any 
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any Body belongs not to the Body it ſelf, ſo alſo the 
Ray or Line of Motion of Light, is nothing of the 
f.... 0 
4. And every viſible Radiates or Shines; 1. From each 
ef its Points; 2. By a diaphanous Medium, viz. that 
may be ſeen or ſhone thorow; 3. In every oppoſite Point 
whereby a Finite right Line may be drawn; and that 4, 
moſt ſwiftly and continually, and 5. yet diſtinfly. 
1. Indeed neither one nor other Point only, but e. 
very viſible Radiates by its wholeSuperficie together: 
But for the ſake of Teaching, the Optics aſſume cer- 


tain Points, from which they draw Lines as it were | 


Rays, that they may Demonſtrate all things more 
exquiſitely ina Mathematical manner : And that 
not from one only, but from all the viſible Points of 
a thing, and therefore the whole Superficie of it; 
Species being ſpread abroad, is made manifeſt. 

1. In the Sun: From the extream Superficie of which 
alſo the Rays deſcend, Illuminating the Earth, when the 
Centre of it, and more thanhalf of the Superficie is hid 
by the intervening of the Moon in Eclipſes. 

2. From Looking -glaſſes or Speculums in which the 
whole viſible Image appears together, = 

3. From hence, that a great many Eyes nay ſee the 
whole viſible Object together. 5 
4. Laſth, I from the Center only, or from any Point, 
one Ray only ſow; no Shadow is terminated, but all are 
included either by equidiſtant Rays, or by Rays always 
diverging or parting. 0 oO” 
2. And it is manifeſt from the aforeſaid, that 2 
Diaphanous Medium is required to Radiation, for 
where a Medium is not, there can neither be Local 
Motion, of which ſort is the Motion of Light: And 
Opacous, tranſmits not the Rays of Light, but 


bends them other ways. | 


28 1 N 1 5 —V Becauſe 


Part J. 


ſe 


Chap, VI. OF OPTICS. 653 


3. Becauſe in every oppoſite Point, by which a 
finite right Line may be drawn, Radiation is made; 
iſo from thence it is evident, that Light, the moſt 
excellent of Creatures, always affects a moſt excel- 
lent Figure; this is Spherical, the Generation of 
which is underſtood from Lines going forth from 
the Center to the Superficies in all parts: If there- 
fore we thus place a Lucid Point in Perſpicuity, it 
will ſend round about into all parts, infinite Perſpi- 
cuous Rays: But if a Point be Radiating in an opa- 
cous Superficie, and cannot Radiate every where, 
yet it Radiates Hemiſpherically, unleſs hindred by 
another opacous Intervening : And if it be acute 
angled at the top, it Radiates more than Hemiſ- 
pherically. yy | 

But if any one ſbould Object, that in Looking-glaſſes 
or Speculums; of one Point, one Image only is beheld, and 
therefore not every viſible Radiates in every oppoſit Point 
ef the Mirror or Looking-glaſs; he mut know, that 
indeed every point Radiates into infinite Points of the 
Mirror or Speculum; but from the Eye there cannot be 


diſcerned but one: Becauſe by the Laws of reflection the 


ther Rays are reflected another way; but only that which 
is reflected at equal Angler, occurrs to the Eye and may be 
ſeen, concerning which we ſhall ſay more hereafter, 
4. That Radiation is moſt ſwift, the fixed Stars 
are an Experiment, which being removed very far 
trom us, are ſeen at the ſame moment that the near- 
eſt Objects are: And the cauſe.is, the Immateriality 
and Spirituality of viſible Species: For ſince as they 
want Matter, ſo alſo they want Weight, nor do 
they require ſenſible Time to Motion, which 
ſhould be proportionate to themſelves, but they 
can transfer themſelves in a moment, what way is 
given. | = 
5- The continuity of Radiation may be proved 
from this, that the Efflux is ſo joined or knit ta its 
Fountain, 
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Fountain, that it can never and in no place be ſe. 
parated from it; even as is ſeen in Lucids, which! 
being taken away, Illumination is taken away; he. 
ing placed, Illumination is poſited, depending fron.” 
that Efflux : Whence it is not neceſſary indeed that 
it ſhould ceaſe one moment, nor even as Light it 
ſelf, can ever be ſeparated from its Fountain. 
There are ſome Men who ſeek or ask, where that 
Light goes away, which is expelled by ſhutting the f 
Doors or Window-ſhuts of ſome Chamber; or i 1 
ſome candle being extinguiſhed, as we are wont to Un 
ſpeak. e | 
And ſome indeed appoint or conclude, that the ad 
Light of the Sun and of other Lucids, go forth from 
its Fountain, not remaining the ſame, but always to n 
periſh, and the former being aboliſhed, a new one J 
ſucceeds thereupon : Even as a Shadow follows not 
the Opacous Body, but by the vaniſhing of the for- hel 
mer another new one is begat; or as Water belong-W c.. 
ing to a River is not always the ſame, other Water 
always occupying the place of the elapfed or flip-W | 
ped away, and ſucceeding it. 


But we ſhall believe this afterwards, if any one 0 
will prove to us firmly, the Annihilation of Natural I .., 
things, eſpecially of Subſtantial : For this Axiom I ,,.. 
ſeems to be unmoveable, As by Nature, from nothing, I ,1 
nothing can be made, ſo by the ſame alſo, ſomewhat 


cannot be made nothing; but as Creation, fo alſo 
Annihilation is reſerved to God only. the 

Of Shadows indeed *tis no wonder that they go in- 
to nothing, fince alſo, nothing, is but the Privation 
of Light: But real Light is a Subſtance, whence I g 
by Nature it cannot go away into nothing: Flow- I ac 
ing or River-Water, we know which way it goes 
away: In like manner the place may be ſhewn, 
whither Light goes away, that is ſhut out of a Cham- F ,y 
ber, or in a Candle, when it feems extinct ? It _ 
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not be ſaid otherwiſe, than that ſince by its Origine 
it remains always and inſeparably connected or 
oined together, and when it ſeems Extinguiſh'd to 


Ius, it retreats it ſelf in a moment and recurs to 


its Fountain: As alſo in a moment it diffuſes it ſelf 

what way is given. | _ 
6. Laſtly, that Raysand-Species of Viſible things, 

penetrate through a Medium diſtinctly and unmixt, 


may be proved by ſome Examples: For the Light 


of Candles extinct or put out, they go through, 
by ſome one hole in which they are moſt cloſely 


United, being ſent by the intimate change into them- - 


ſelves, they appear diſtinctly on the objected Wall, 
and directly oppoſite to thoſe Candles: In the ſame 
manner it wholly happens to Colours alſo : For be- 
ing Viſible, every one by his Colours altho, divers, 


ſeems diſtinctly: So alſo Solar Rays paſſing through 


aglaſs Window of divers Colours, every one is 
held diſtinctly by its Colours on the objected Super- 
hicie. | 

5. Moreover a Ray is either right or oblique. 


Indeed every Ray .or Radius conſidered abſo- 


lutely and in it ſelf, is right, neither can any Viſible, 


radiate by crooked Lines; But in ſpeaking compa- 


ratively, in reſpe& of Incidence, to wit, which 


way a Ray falls on an oppoſite Superficie, that 
which is made either right or oblique, is called alſo 
a right or oblique Ray. | 

6. And that is a right Ray which is Perpendicular to 
the Eye, and paſſes through the Center of it; An ob- 
lique Ray is the contrary. 2 

And with this difference alſo, every Viſible is 
ſaid to fall either directly or obliquely to the Sight, 
according as its Rays conſtitute either right or ob- 
lique Angles with the Sight. 

7. But alſo hence an Optic Angle ſprings or ariſes 
which is the concourſe of Rays in an oppoſite * £Y 

or 
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656 OO OPTICS. PartT, 
- For as from Geometrical Lines, when they meet 
or concur, or diverge or part again from the point 
of concourſe, Angles are made: In the ſame man. 
ner alſo things being compared, it is with Rays of 
Light or of the Sight, which in their Superficie by 
ſome concourſe and divarication they conſtitute 
Optic Angles. 
8. And an Optic Angle is either Plain or Solid. 
| Spherical, as in Geometry, here are none given, 
ſince all the Rays are right Lines, neither do they 
make other than right-lined Angles. 
9. Tis a plain Angle which is begat from a plain Fi. 
gure, and a Solid from a Solid Figure. 
That conliſts of two Lines, and is begat with 
only the length of a Line beheld: But this hath 
many Lines, and is made when a Body and ſome 


Figure 1s beheld. * 
CHA'P. el 
Of Optic Figures. vill 


each 
to th 


E oer ond areIrradiated according tothe 
Optic Figure, from the Baſe into an acute Point, 
For ſince Radiation is made from any viſible point, 
into any objected Point, according to a right Line; 
and from many right Lines, from more than two con- 
curring, a Figure is conſtituted : Hence alſo from 
Optic Rays, Optic Figures muſt needs be made : 
Of which, by reaſon of the great variety of Viſible 
tings, the variety alſo is very great, that ſcarcely 
it can otherwiſe be deſcribed, chan that they ariſe 
from any Baſe whatſoever intoa Point. 
2. And an Optic Figure is either of Radiation or Illu- 
mination. | | | 
3. A Figure of Radiation, is that whoſe Baſe exiſts 
mn a viſible Superficie, but the Vertex in the Eye, or ano- 


oppoſ? 
ramid, 
de rOu 
mot I 
ed in 
zuſua! 


ther oppoſite Superficie, 
ia Phe n Therefore 
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et F Therefore this conſtitutes Figure, when any vi- 
ble whatſoever radiates from many Points into the 
Fye, or into any oppolit Point, in which all choſe 
Rayes concur. Kia 

4. TwaFi gure of Illumination which hath the Vertex 
in the point of Radiance and the Baſe i in the Superficie of 
the thing Irradiatedor Illuminated.” 
| This begets Figures, when from one point of Ra- 
ol, Naiance many Rays go forth, and are underſtood to 


hey Mic carried to the Sight of the Eye, or to any en 
Wit <uperficics. 

m 5. By this reaſon are made ee Opri Figures 

% mcen Radiating and Irradiating. 

in for becauſe a Viſible radiates from every Point 

a Hino every Oppolit, and therefore the Species of one 

me ert of the Viſſible is in what part you will of - the 
other: And ſince in whatſoever great Figure given, in- 

imerable leſſer may be conceiv'd; tis certain that all 
the ſame Figures alſo flow from hence thither: Which 
«i be made evident, if from two Parallel Lines, on 

* each ſide the middle Point of that to this, and of this 


to that, you deſcribe many Triangles ao 
ae another mutually. 1301 


_ 6. Points Radiate according to a right Lit; Lines 
23 according to Triangles; Swperficies and Bodies according 
5 t Pyramids or Cone s. W E ee 


For Lines are terminated by two Points; from 
which, if two Rays concur or meet in one oppoſit 
Point, tis manifeſt, that this concourſe (conſtitutes 

Trian gle, whoſe Baſe is in the vilive Ker and the 
Vertex in the oppoſit Point. 9 Tet: 

But when a Superficies radiates by all- its extreams into the 
oppolit Point, it conſtitutes in this manner, either an Optic Py- 
mid, it rhe Superticies ſeen be of Angles ; ora Cone, if it 
de round, although in common ſpeaking, this difference for the 
delt Part! is neglected; And every Optic Figure, whether pro- 
coding from an angled Superhcies, or from 3 a round Superficies 
ally called an Optic Pyramid. | 


Un 7. In 
* 
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J. In theſe Optic Figures the Axis alſo is conſider 
which is the Ray from hs Viſible to the 5 cine nor 
And tis twofold, Optic and Common: That is 2 Wot 5 
Ray which paſſes from the viſible Point through the Mbe ! 
Centers of the ſeveral parts of the Eye, to the mid. be 
dle of the Circle of the Optic Nerve, and there are 
twoof thoſe to each Eye: But this, which is one and 
Immutable, is the Ray falling Perpendicularly, from 
the' concourſe of the Optic Axes, into the vilible 
Point in the Diameter of the Eyes; or the right Line 


connecting the Centers of the Eyes, See Eg. 206. MW # 
As if e be the viſible Point, 47 both the Eyes: Whol 
the Optic Axes are the Rays ed and ef, but the Nic 
common Axis is the Ray ec. | | Ti 
ELIE FORTE | | a: the E 
55 CHAP. VIII. . 
Of Viſion it ſelf, and the Manner aud Species of ii. he 
1. A S allSence, ſo alſo Viſion,” is ſome Paſſion of the NMedi 
Eye, like as of the Inſtrument of Sight brougit Nenitt 
in from the Viſible, | That 
For we ſee. not always by a ſecond Act, but alſo Neat 
by Power; which Power is traduced into act, when No, be 
the Eye is moved from the Viſible, which motion is diet 
ſome alteration and Paſſion; therefore tis evident, Nm 
that the Eye ſometimes is hurt by a more excellent Netbei 
Viſible. 725 ; 7 | But 
2. Therefore Viſion is not made without the contact de 


4 viſeble thing, and of the ſeeing Eye. es t 

Far all Paſſion is made by the contact of things ich a 
acting in themſelves mutually : therefore ſince Vi- hatt 
ſion is alſo Paſſion, tis neceſſary that ſome Contad oes c 
intercede between the Eye and the viſible Object. Nene 0 

3. This contact isof the Rays of Light in Specie, that Pl tc 
ii, tinged by the Colour and Figure of the viſible thing, Nyabe 
revibrated fromthe viſible Object to the Eyes. ern P. 


For the Eyes and the viſible Object neither can} 5 


2* An. 
nor Maur 4 


Eyes. 


2 
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or ought to touch one another mutually in the Ratio 
of dubſtance, becauſe it is neceſſary that a thing ſhould 
be ſeen afar off, and if the Subſtantial Contact ſhould 
nid. Ibe made of the Object and of the Eyes, the Eyes 
would be much hurt by many things: Therefore it 
behoves that ſome other thing ſhould come between 


oy tothe Viſible, or may enter into the Eyes from the 
iiible Object, and be received by them. 


ine a b 
5. Hence ariſes that noble Queſtion, debated between 
es: Mitoſe two chief Philoſophers Plato and Ariſtotle, of 
the Mytich he contends in his Timæus. | 


That Viſion is made by t he Emiſſion of certain Rays frem 
the Fye to the thing ſeen, And this fame Viſion he would 
luve male by the Immiſſion and Reception of viſible Spe- 
.. W* wirhin the Sight of the Eye. 1 
1. hetwees theſe, Galen being willing to become a 
licdiator, contends that Viſion is made partly by 
emitting or ſending forth, and partly by receiving: 


hen ſe, being abroad, they preſently Unite; that is, Co- 


nis Wdiating with the viſible Species, ſticking in the 


nt, Nlaminated Air; but both being united, they run to- 
eat Mecther to the Eye, and there are received and judged. 
But what that Ray or Spirit of Sight ſent, is; 
7 of 0d how to be comprehended going forth from the 
es to the Vilible things being oft times far diſtant, 
nes Nich as are Stars in the higheſt Heavens, likewiſe 
Vi- hat the Species of a viſible thing is, and how it 
ad Woes out from the Viſible, and enters into the Eye, 
one of the ſaid Philoſophers could clearly explain, 
$1 to be ſeen in Macrobius, Book 7 Saturn: and 
Larabella in his Book of Viſion : Therefore the Mo- 
ern Philoſophers think with Ariſtotle. 
l. That Viſion is made by the Reception of viſible Species into the Eye. 
2 And they ſay that Viſible Species, are Rays of Light, tinged by the 


NOT n an Figure of the outward Object, and caſting themſelves ic 
nes. : -- Wu 2 = For 


theſe two, which either may go forth from the Eye 


That is, from the Eye goe forth viſtve Spirits, and 
alt they ſhould be weakned by too much elongati- 
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For ſince nothing can be ſzen but that which is Ly. 
cid or: Clear, or illuſtrated by Light And Lightis 
reverberated from every Point of the thing Illuſtrz. 
ted, to every Point between which, right Lines may 
be drawn, and indeed Tinged and Embrewed by the 
Species, Colour, and Figure of the Viſihle thing, 


ha 
ink 
pect 
erg 
han 
he 1 


what is more eaſie, than from this to gather, that 3g 
Light it ſelf communicated to things, and tinged by; 
the Colour and Figure of them, is a vilible Species,M...;; 
by which is made the contact of the viſible Obje*Ml1,- 
and of the Eye, and therefore the Viſion it ſelf: A 
like as what's ſaid before concerning Rays, that U f 
though there be nothing of Light it ſelf, but only j./: 
the way by which Light is ſcattered : yet the Optio 
very often ſpeak concerning them, as if they wen 7 
real Lucid Lines, becauſe they cannot otherwiſe de 22 
{cribe and repreſent the Motion of Light than He 
Lines: So alſo they ſpeak ſometimes concerning Vi: 
fion, as if it were made by the Emiſſion of Re. 
from the Eyes, or in imitation of the Ancients, whiciM;7h+ 
truly believed the Emiſſion, either becauſe tis deſci. Vi 
bed with Viſion or ſight, the reaſon is the ſame, done 
entering from the Viſible or thing ſeen to the Eye) te 
nevertheleſs intrue and accurate ſpeaking and percet-]W Ne 
ving, always the reception of Rays into the Eye, audi or. 
the Eſfluxion from the viſible thing, is underſtood t = nag 
be:the ſame : But theſe things do not as yet ſuffice t Nene 
declaring the way to Viſion, we muſt alſo ſpear i 5 1 
what is made by thoſe Species into the Eye, waici;o,; 
way or method is owing to the moſt Ingenious eh 
thematician Joh Kepler, according to whoſe Opinio Why, 
4. Viſion is made in the Eye it ſelf, and almoũ in the manner whic 70 
things exiſting in the Light abroad, appear and are deſcribed in acliſe f the 


Chamber, by a ſmall bole, on an oppoſit white Wall. 


For if in a cloſe or ſhut Chamber, the other Walls being cf the 
vered over by a black Veil, the Light being let in through For 
ſmall hole, it will repreſent that on the oppoſit white Wall, wha! J Pa 
ſoever it is that is abroad without the Chamber and overagain 
it in a clear Light, either of the Sun or of the Day, or of 


norec 


1 3E *. 
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art! 

Lu. inke lighted is alſo carried; to which truly the Pro- 
nt fect through the hole appears, only the Site is 
[tra-Mhirocd upſide down, ſo that the upper part is ex- 
m27Mhanged to the lower part, and the right Hand to 
y thefMic left. 5 : Re hen 
ing 5. And ſo alſo is Viſion made, when Light from all 
tha part of the world which is before the Eyes, and in this 
d br ebe ching which me behold directiy, tinged by the 
cles Wrecies and Iniage flowing into the Eyes, by or through the 
bea d horny Tunicle adjoining the watery Humour, 
Aud be little hole of the Sight in the Chryſt alline Humor, 
t ag from this into the glaſſy Humor, being refracted in 
only heſe divers Means or Mediums by the Optic Laws once 
Pic mice, and at lat into the hollow and the White; bat 
were) te ſomemhat Redifti or ſomewhat Blew or Azure Su- 
ede of che nerlike Tunicle, mhereby the Optic Nerve 
n ves rhe ſame; to wie, all the Rays being diſperſed moſt 
ch, and as it were gathered into one Point, is der 
Rage; yet ſo, that thoſe things that abroad are ont he 


MICA 
{cri- 
Eye; 


t Hand, are conveyed to the left fide of the netlike 
micle, thoſe on the left Hand to the right Side; «thoſe 
wove to the lower patty and thoſe below to rhe upper part 
f the ſame. {| "9775 C0 173 IEP 
Nevertheleſs this inverſion begets no Error: For as in a Mi- 


rcel- 

aud or Looking-glaſſe, that which is on the right Hand is made 
qe left to the Image or thing repreſented, nor yet is apy.one 
) 10 7 Er . ©, r Denn FT 3 
* ceived in Judgment between the een ſo, neither 
| a ere need we fear that the jnverted Viſion follows this inverfion. 
1K 


6. From the dforeſaid things," às it were the Luminous 
"ture of the Spirit of the Eye or Inſtrument of Sight, 
lich reſides in the Optic Nerves, they are diſpoſed and 
hanged, by which the Judgment Seat is retained within, 
f the cavern of the Bain, to the Mind or to the 1 
the Inſtrument of Sight, where from Judginent made 
19 cf the thing ſeen, at laſl Viſion is finiſhed, - © 
ugh For Viſion is notabſolute and perfect, only infer'd 
gain 7 Paſſion from the Object; but tis neceſſary that 
r of W'Neover action be added, in what manner the 
Link | Uu 3 Judg- 


nich 
Ma⸗ 


nion. 
whica 


4 cloſe 


— A Lee — — — oo — 
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Judgment is produced concerning the thing ſeen, in which the 
ature of the Object is gathered from other things diſcerneq 
and what is good or ill in it is diſcerned : For if Viſion ſhouj 
be determined alone by Paſſion infer'd from the Object wihoy 
Judgment, it would not be an operation of the Mind, but ol 
an objected action External, and alſo Looking-glafſes and oth 
things would fee, in which likewiſe the Viſible Species are ln 
printed: And alſo that Judgment may be made, concerning th 
thing ſeen; the Point of the net-like Tunicle, which terminat 
the Image of the thing ſeen, even the very ſame is the Cent 
and extream of the Optic Nerve; which in this place connef 


the Netlike Tunicle, in which reſides the Optic Spirit W mo 
which may alſo ſuffer, and be changed by the Images and C Ne 
lours is evident from this, that the Species of ſtrongeſt Color | 
remain in the Sight after the looking upon them 1s done, and * 
they are ming led by the Colours impreſſed by a new looking on 
that from both a confuſed Colour is made. | 
7. Therefore Viſion (as hitherto briefly bath been ſaid, we con 4. 
bend) is the viſible Species received within the Eye, and pintein Tit 
the inner part of the netlike Tunicle, and being copveied through ii = 

Optic Spirits reſiding in the Optic Nerves, to the Senſitive Soul 1 19 
Fudge, See Fig. 207. | _— the 

This method of Viſion the Excellent, illiam Schic 
hard hath delineated in Fig. 207. In which the Vi 

ble is AB, the Eye CDEFLM; the two extrean 
Points of the Viſible or thing ſeen AB (that we mah N 
ſhun confuſion) they Radiate in the pellucid Prot #: 

berance or ſticking out of the Horny Tunicle CDEf 
which becauſe tis thicker than Air, and of equ wh 
thickneſs with the contiguous Watery Humor, there = 
0 


fore the Rays got in, are refracted, and aſſemble 
that they may enter by the ſmall Sight of the E “ 


G into the Chryſtalline Humour IK: In whicl 


Superficies although it be thicker, they are not re ſar 
fracted, or ſurely but little, becauſe the ſame 1s al art 
moſt of the canvexity with the Horny Tunicle anc thy 


therefore falling in Perpendicularly, they indeet {tn 


paſs through unchanged; but they go out from th far 
hinder Hyperbolical Superſicie of it IK into cht 
thin Medium, viz. into the glaſſy Humour, and ar 
refradted there again; And they meet $ogetner by 
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ich tu [aſt in the wall of the netlike Tunicle L M, and are 
cernelſ painted there moſt ſtrongly (becauſe all the diſper? 
hou ed Rays are gather'd into ene Point) hut in an la- 
. verted manner; The right hand Point A is painted 

id other | 


on the left fide M; in the like manner, B in L.:; 
hecauſe the netlike Tunicle is full of iet HD 
therefore it Tranſmits the Image through the Oriſice 
of the Optic nerve which is in the ſame place at the 


are In 
ing iht 
minate 


2 Brain, and the common Senſe or judge; not any 
pirt I more by right lines but by crooked windings of t 
nd Nerves : And this is briefſy that wonderful an 


N 


Dolobn 
je, and 


much ſpoken of Method of Viſ ion 
8. Moreover Viſionis ſometimes true, vther times falſe. 


a 7 9. True Viſion i made, when we ſee a thing truly ſuch 
com it is, ſited in its Place, endued with juſt Magnitude, 
med | 


Tinged by its native Colour, in very deea moving or neſts 


eker . e 

| the thing ſeen there i, no diverſity. oi a» | 
chick 10. And this true Viſion is again twofold, Confuſed 
Vid and diſtinct. Ty | | 


ren 11. Diſtinct Viſion is, when the viſible Species is ap- 
mi vehended diſtinctly according to the whole and the parts, 


rot and rightly Judged concerning them. | 
JE 12. And Confuſed Viſion is, when we compre hend the 
equi 7hole together Confuſedly without accurate diſcerning. 


herd 13. Laſtly Falſe Viſion ig, ben we ſee à thing Sited, 
nb Coloured, or howſoever affected, in another manner than 
e Ef indeed it is. ut 8910 2 | | 

hich As when a Finger and a Mountain appear of the 
x rel fame Magnitude ; or when high Mountains ſeen, 
is a are thought to be of a red Colour, when ia truth 


e an they are Green; when they appear great, and are 
deed} ſmall, crooked when ſtreight, when things ſeem a- 
n thi] far off that are near at hand, or the contrary. 

thai Such deceivings, as about other things, ſo eſpeci- 
dar ally about the Senſe of Viſion, innumerable Occur, 
er by reaſon of many cauſes ; which, as much as may 


| Un 4 be 


1 
5 
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done, to detect and ſflew the Errors, and to Correct 
theme 18 the e the 4 Git 


8 — Fs. 
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bailey + 0H. P. IN. 
Of, ju fits neceſſ. ary to alltrue and 4 intri ifion 
. I. Un che Fiſtble part. 


l any uh; ug bo ofeit ſelf Viſible, either by Act o 
Von Romer, tis neceſſary, chat ide material or made 
F Ff, uud eniluell mob jaſQuantity or Magritude, 

1. For2hinimeevtured *things, ſuch as are points and 
ſpiritual Creatures; f#Vu;ider no Sence of themſelve,, 
or-pere, and therefore neither do they, fall under 
Sight for whatſoever is ſeen, that is praſented to 
us by ſome kind of quantity; yea our underſtanding 
fearcely perceives: any Thing, but together alſo 
how much is it overſhadowed. 

2. But alſo a Viſibie ought to be of fy Oni 

For things of the leaſt Quantity alſo eſcape the 
sicht of the Eyes, as are Solar Atomes, the Thou- 
ſandtł part of a Thouſand, the Meinbers.of a Mit 
in Cheeſe, and ſome other things; notwithſtanding 
the ſmalleſt of which may be gathered by ſome 
made Art, the Artificers of which mult be ſharp 
Sighted, or otherwiſe to frame them than by the 
help of the Eyes, to wit, by the helpiof Optic Ar- 
tifice, which may be done, ſo that the leaſt thing 
ſhall appear great, and may be diſcerned clear- 
Iy': And althonghi every Viſible is needful to be 
Otednt lem or ſo great or ſo much, yet every Quantum 
is not viſible ; as the Skie and the Air next to us, which 
although they are moſt vaſt Bodies, yet they cannot 
be perceived by the Eyes: And therefore, 
* Every Vi ſible ought. to have ſome Thickneſ; whereby 
the Sight may be terminated. 

For the Skie and the Air are therefore not ſeen, 


becauſe reaſon all the Rays are tranſmitted 
Fhrovgh 
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through the _— of the light ; nor do they fix 
any where, that they may be feflected to the Eye; 
therefore there 1s need of thickneſs whereby the 
Raies are ſtopt, that it ſuffers not a paſſage to them, 
or ſurely not to al}, but being driven back again they 
are brought to the Eye. „ . 

3. Tet of Bodies, we behold only the Superficies of 
7s z nor all together, unleſs ſcldom, which things there- 


thin 
fore tis neceſſary ſhould be laid before the Eyes. 

For if the Eyes be turned againſt, either to the 
point of ſharp bodies, or the ſharp ſides of them 
joined together; the Body is not rightly ſeen; of 
which neither can we penetrate the Inner part by 
ſight; to which neither doth Light paſs (unleſs they 
are Pellucid, which are here excepted) tliat therefore 
Superficies only ought to be beheld, or rather the 
Species of super ſicies: And we ſeldom diſeern all the 
Super fieies of a whole Body together; nor but in 
pyramids or Cones, of which the Diameter of the 
Baſes being turned againſt the Eyes, is a leſſer 


9 # *- 7 


obliquity. | 3 lah ont 26 
4. The Superficies of Viſible things ought tobe diſtain- 
ea Colour, either proper, or Alien and accidental. 
For Prime Light it feff that it may be ſeen, tis neceſſary that 
it aſſume not only quantity in matter, but alfo Colour, by a cer- 
lain coming cloſe together; Nor Second Light which flows from 
te Firſt, and ſlides by che Superficies unleſs ſtreightned, it ac- 
quires colour that it may be ſeen ; But only the colour of Su- 
perficies to the endithat the tinged Light may revibrate into 
the Eyes; But the Sky , becauſe it hath indeed no coiour 
neicher alſo can any thing of it be ſeen; as alſo the Air, unleſs 
ſo long as the Heaven is clear, being illuminated croſsways by 
che Sun Beams, and aſſumes a Sky colour. gs 
5. Nor yet is the Colour of hiſibles ſufficient to Viſion 3 bur if it 
te not Light it ſelf, or ſomewhat Lucid; it alſo behoves to be illuſtra- 
red by.external Light. | =. 
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For in Darkneſs nothing is bebeld; for the pro- 
per Object being abſent,- no Senſe is made; there. 
fore ſince Light is the proper Object of Sight, if 
it be wanting, alſo no Viſion can be made manifeſt : 
Although Colours alſo are the Object of Sight, 
and in Darkneſs, inhere to things not leſs than in 
Light, yet they are not ſeen in Darkneſs, becauſe 
they are not the Principal Object; neither have 
they the diffuſive force of it per ſe or of them- 
ſelves, and therefore neither can they caſt them- 


ſelves to the Eyes, neither have they any thing of 


themſelves whereby they can change the Spirit of 
Light unleſs they are received into another, which 
ſhall have the power of changing, and by that they 
change or alter: But ſuch a thing is Light alone, 
which Illuſtrates Colours, and tinges them, it agi- 
rates our Spirit reſiding in the Optic Nerves by ll- 
lumination, and changes it ; from which changing, 
is made alſo Viſion, and the Judgment concerning 
Vilibles. N + 

6. Laſtly to be Viſible alſo, is not to be too much ſhin- 
ing or Splendid. 1 | 

For as in another manner, the excelling the ſenſible part de- 
ſtroys the ſenſitive Inſtrument; even as the ſharp found of 
great Guns dulls the Ears, and ſowre or bitter things weaken 
the Tafte, more fragrant things the ſmelling : So alſo too 
much brightneſs hurts the Eyes, and hinders Viſion or ſeeing, 
if you look on it long: The Reaſon is, becauſe the Rayes from 
a Splendid thing reflecting in abundance into the Eye, they 


enter in together at one Point, and there ſcorch the Optic 
Nerve, and Dry up its humours. | 


So Democritus is ſaid to have put out his Eyes, by 
the reflexion of the Suns Rayes on a Brazen ſhield 

laced againſt it, that he might inquire more nicely 
into the ſecrets of Nature: And the Soldiers of 
Zenophon, from the too much glittering of Snow 
contracted great harms. | 


2. On 
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II. On the Part of the Beholder, or of the Eyes. ; 
1. The Sharpneſs of ſeeing is not the ſame of all Eyes, 


yea inated not the ſame always of one Man. | 


For ſome ſee the ſame thing more ſharp than o- 
thers; others ſee remote things better than things 
nigh at hand, and the contrary ; others ſee nothing 
diſtinctly, but all things confuſedly : alſo ſome have 
a ſharp Eye in their Youth, and in old Age much 
weakned. | 

2. The Temperament of Eyes ought to be Wateriſh, 
Plato, would have them to be fiery, but expe- 
rience teſtifies from the Eye being rubbed or ſcratch- 
ed that it flows with Water, which is a ſign of a 
Wateriſh Temperament ; the fame being neceffary, 
_ the Eyes may receive the hmages of things the 

tter. 71 TSP: A | 

3. Tis alſo neceſſary to the diſtintt making of Viſion, 
that the Eyes be ſound and whole. N Kli: 

That is, not hurt nor diſtorted, nor any part im- 
peded; alſo embrued hy no Alien colours, or by vi- 
tiated coloured humors: For the Eye having hurts, 
diſtorts, or in whatſoever manner ĩimpeded, fees no- 
thing, or but little, nor diſtinctly: So of whom 
the Eye is imbrued by an Alien colour, as it happens 
to thoſe which behold ſplendid things ſtrongly illa- 
minated ; or coloured things more earneſtiy anda 
long time, or having the Eyes infected by vitious 
coloured humors, they ſee not diſtinctly: For as to 
a Tongue infected with Yellow Choller all things 
are bitter; ſo if the Eye be embrued or diſtained by 
Alien or ſtrange Colours, alſo the things which 
ought to be ſeen, are corrupted or diſcoloured with 
= ſame, nor-do they ſhew their genuine Species or 

inds. | enen ms 
4. That Viſion be made diſtinctiy, ts neceſſury that the eyes bs moved 
through = and each _ — e ie —— but of the 
Phole mundane Hemiſphere placed before them, 


/ 


For 
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For if it ſhould be without this Motion, diſtin& 


viſion would not be made, unleſs in the middle or 


medium; and thoſe things which caſt themſelves 


from the ſi des, by reaſon of obliquity, would be ſeen 


confuſedly : Thereforeit behoves that the Motion 
of the Eyes be indeed ſucceſſive bub moſt ſwift ; for 
which cauſe alſo the Eyes are made Spherical that 
they may move moſt ſwiftly upon their Center. 

5. By one Eye indeed we ſee not more _ but yet 
more directly than by both. 

There are ſome which think a thing may be ſeen 
by ane Eye more acutely than by two; becauſe that 
the viſive vertue removes into that one, and there 
becomes more ſtrongly united than when diſperſed. 

But Experience thwarts this opinion; the cauſe 
added, holds good only with thoſe to w hich one of 


their Eyes are put out, but not to them who volun- 


tarily ſhut one: nevertheleſs tis true, that by one Eye, 
we ſee more directly than by both; for from both 
Eyes à nigh viſible is not ſeen in its place, but in 
divers, by reaſon of the diſtance of the Eyes, and 
the intervening Parallax ; concerning which many 
things ſhall be ſpoken to hereafter, in the Chapter 
concerning viſion of Place: Therefore to ſhun this Pa- 
rallax „ if we would ſee any thing directly in its 
place, tis neceſſary to ſhut one Eye; Aſtronomers 
do ſo; to conſtitute; an Angle between two Stars, in 
which buſineſs there is need only of one Center of 
them, at which the Angle is eſtimated; wherefore 
they ſnut one Eye imitating Artificers who in 
trying the rectitude or ſtraitneſs of a, Ruler 
ſnut one Eye: They do it alſo who direct or 
ſhoot Arrows, and alſo Guns at a Mark, for all theſe 
indeed for divers cauſes, both Eyes being uſed, hin- 
ders; concerning which thing alſo Ariſtotle treats in 

his Problems at Sect. 31 Queſtions the 2 and 21. 
ET III. On 


Ci 
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* III. On the Part of him that ſees and be holds. 

r . That any thing may be ſeen diſtinftly, it behoves 
'S Po this loaks, to be 5 quiet. 

1 For if he be agitated much, and cannot have his 


n BF Eyes fixt on the thing ſcen, and alſo diſturbs the Spi- 
r if cit; Thoſe things ſeem to move together, which 
1 notwithſtanding are at reſt. 

2. Moreo ber, unleſs he that ſees, be intent to ſee, and 


as adds over and above à right Imagination and Ratiocinati- 
on of Viſion, the Viſion cannot be made diſtincthy. 
6 For he that is full of Thoughts, and 0 on o- 


it ther things, otten times ſees not thoſe things which 
are obſerved by his Eyes: But if the Imagination al- 
ſo be corrupt, or the mind embrued with a precon- 
le cepted falſe Opinion, a falſe Ratiocination or reaſon 
ft ate follows, and a falſe Judgment, which alſo ef- 


best or makes a falſe Viſion. 
? . On the part of the Rays and Angles of the things ſee. 
a hat ſoevier is ſcer, is ſeen 8 7 an Angle. 


d kor ſince Viſion is effected by the Radiation of Vi- 
y I fbles into the Eyes, and thoſe are belonging to An- 
reales, going together from the Baſe to one Point of the 


* bas tis evident all things are ſeen under an Angle. 
ts . Under aright Angle, or greater than a right, the 
5 He being unmoved, nothing zs feen - ſince the greatest 
in Arole of. a thing r ſeen i is ſomewhat leſs than a richer Angle, 
}f and there fore the greatest of all acute Anvoles. | 

e The cauſe is, becauſe the Diameter of the Sight 


in of the Eye io ſo mall that the Lines educed from the 
er Center of the Chryſtalline Humor, cannot contain 
xr | aright Angle, although by night when that Dia- 
ſe meter is enlarged. 
. So by day we cannot conſtitute an whole Quadrant 
in of a great Celeſtial Circle, ſuppoſe of the Meridian 
| or of fthe Horizon, to 5 prehend "ty by Sight, 
* in as much, as ho much alſo the. E Eyes are enlarge, 
the Sight alſo of them i 15 ſtrained. 3. Under 


— 
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- thered together, more united. + | 


Part J. 


3. Under an Anple ſo much acute, that it eſcapes the 
Sight, nothing is ſeen. | 
Therefore although Mathematicians divide An. 
gles infinitely, yet becauſe the Subject of Optics is 
not pure, it cannot deſcend in the leaſt beyond Senſe, 
& A right Angled Ray is always ſtronger than an Oh. 
lique, and an oblique angled Ray, than another that i; 
more Oblique. - 
Of it ſelf, and by its Nature, no Ray is more ex- 
cellent than another; becauſe a Viſible, equally ra- 


diates in an Orb to all the differences of Poſition, 


but by accident one Ray may excel another, while 
the caſe of them being right Angled or Oblique, 
ſtrengthen or weaken them in the objected Body: 
So the Rays of the Sun, although they always convey 


their heat with them, yet they warm more, by how 
much they fall mere rightly on the subjected Earth, | 


and the leſs, by falling oblique : Hence they warm 
more with us in Summer than in Winter, not ſo much 
by reaſon of the greater nearneſs of the Sun, as that 
they are caſt more rightly on the Earth in the Sum- 
mer, and more oblique in the Winter. 

And the Reaſon which is of Heat, 1s likewiſe the 
fame of Illumination, as well in Lucids as in other 


viſible Rays. 


And the cauſe of this Diverſity is; 1, becauſe in 
general, all natural Motions being right, are ſtrong- 
er than oblique, as if the back of any one be ſmit- 
ten or ſtruck by a club or ſtick perpendicularly, he 
feels that blow more forceably, than if it had been 
ſtruck according to the length of the back ; there- 
fore what is done in other Motions, muſt be ima- 
gined alſo to be done in the Illumination of Rays: 
Eſpecially, 2, becauſe alſo right Rays are ſhorter, 
and ſtrike nearer at hand, of which alſo the Force 
of Angles by Equality in both, are united and ga- 


5. Viſion 


thin, 
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5. Viſion is moft certainly made by the Axis. 

For this, ſince tis always right and Perpendicular 
to the Eye, it offers the thing 1 to the Sight; 
by the other Rays, Viſion is made more certain, by 
how much they are nearer to the Axis; and it is leſs 
certain, by how much the more they are remote from 
the Axis, and Obliquer : Hence, when there is only 
one Axis which conveies the thing moſt effectually 
to the Sight, tis neceſſary that the Eyes turn about 
ſo long, until all the Parts of the Viſible Object be 
perpendicular to them, and ſo tis known more ſure- 
y and diſtinctly. 


V. On the Part of the Medium or Middle. 


Y. That any thing be ſeen, not only the thing ſeen is to 
be placed before the Eyes, but alſo between the Eye and 
lle thing ſeen, tis neceſſary that a middle Space intervene. 

For -lince tis light which conveys the Species of 
things to the Zyes by right Lines; therefore neither 
thoſe things which are on the back or behind,can be 
ken, (for although Light likewiſe falls on them, and 
tarts back, yet it offers not to the Eye, and there- 
fore excites no Vifion) neither can thoſe things be 
liſcerned, which are placed before the Eyes without 
Medium coming between, ſince neither Light 
falls in on them, nor can be reflected from them into 
tie Eye : Nevertheleſs ſome things alſo are beheld 
vithoutan outward Medium, as are Sparkles of the 
Lies, inhering Species in Spirits after the removal 
of the Viſible thing, the Impurity of the Humors 
of the Eyes after Pains of the Head, &c. therefore 
twill be a Rule to be accepted with fome exception. 

2. That this Medium is a Solid Body, nothing binders; 
ut tis neceſſary that it be Diaphanons, Perſpicuons, or 
Pellucid. | 05 | 

. 25 This 
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This is the diviſion of Opinions between Demo. Ity, 
eritus and Ariſtotle : Democritus thought if it were Ito 
an empty Space, an Ant might be diſcovered creep. ub 
in the Sky, from whoſe Opinion John Kepler ſeems 
not to diiagree, who opined, if there were intire- 
ly no Medium of Bodies, Viſion would be accom. 
Pliſhed better; becauſe by how much thicker that is, 
it the more hinders and exchanges the tranſient Rays, 
whence conſequently it ſeems, by how much thin- 
ner, even to nothing, to wit, by it the Rays would 
paſs more expeditely : But Ariſtotle contends, that 
through Vacuum or Emptineſs, if that ſhould be, no- 

thing could be ſeen plainly ; whoſe Opinion ſeems 
the truer; for Light conveyed through Vacuum is not 
ſeen, whole Office is to Illuſtrate : And if it ſhould 
illuſtrate Vacuum, it would Illuſtrate nothing, which 
is contrary to Nature; yet in this place we muſt 
not be Ignorant, that there 1s an Inſtrument inven- 
ted by Modern Philoſophers, in which Space is 
ſhewn ; concerning which tis certain, that not only 
ſome thick Body, but neither Water, nor Air, nor 
Sky 1s contained there : Either then that Space is 
Vacuum, or if Nature admits not this, without ano- 
ther Body intervening, Light by it ſelf can fill Space, 
the Nature of which is, ſo long to diffuſe or pour 
out it ſelf, until it be repelled from the objected 
opacous Body. 
For tis neceſſary otherwile that there ſhould be a 
perſpicuous Medium, that the conveyed Light may 
receive the viſible Species, and may return it to the 
oppoſit Eyes, for the Superficies of opacous Bodies 
permit not only the paſſing of Light to the Eye, 
but they turn it from the Eyes, and revibrate or 
ſtrike it back into the oppoſit. X 

If this Medium be Pellucid, it hinders not, al- 
though it be Solid and alſo hardned for as. Kepler I VI. ; 


teaches, Light, although alſo it ſhould have quanti-. 74 
tY, (otic 


mo- ty, it would not be hindred by the Solidityof Bodies» 
ere ¶ to the end that it might leſs paſs through them: For 
hatſoever ĩs hindred, tis hindred or expelled by 
that which is of the ſame kind, as a Body by a Bo- 
: A Solid then hath three Dimeniions as? tis a So- 
il, but Light only contains two Dimenſions, viz. 
ength and Breadth, therefore Light, and the Rays 
f it, ſuffer nothing from Solids, for as much as they 
fre Solids, neither do they affect one another mu- 
tally as to Solidity, 01 | 
3. Iis not neceſſary to Seeing, that the Medium Space between 
the Eye and the thing ſeen, ſhould always be Iluſtrated; and when 
ii neceſſary, that it he not too much IWuſtrated. e 3.8 
To the Seeing of Lucids 'tis not neceſſary: Since 
re ſee in dark Mediums, not only burning 
orms, but alſo rotten Wood, and the ſhining 
Scales of Fiſhes; alſo *tis certain that Stars may 


ul; e ſeen in the day time from deep Wells, from 
en- Wives, and from Dens inacceſſible to Light: And 


hoſe things- which are not Lucid of themſelves, 
rant indeed the preſence and Illuſtration of External 
ight, bur that Illuſtration muſt not be too much; 
or if either the mean, or the thing ſeen, be too much 
luſtrated, the Viſion or Seeing is rather hindred 
han helpt: Hence, to the inſpecting of any thing 
ccurately,we lift up the Hand to the Eye, or we be- 
old through a ſmall hole, that too much plenty of 
light may be hindered, and the weakning of the 
yes taken away: Hence alſo; they ſee better, whoſe 
yes are deep in ʒand for this reaſon Nature hath gi- 
the Wen the Eye-brows themſelves; that from the Hairs, 
lies ſhe Light may. be ſomewhat refracted. 
Je, Wl 4 The Medium Illuſtrated, ir beſprinkled of foreign Colour, 
or I for Light paſfing by or through coloured Things, is affected 
the Colours of them, from which alſo the vifible Species is 
3 3 neither of them being conveied without mixture to 
VI. From the Reaſon of Circumſtances of Place and of Time. 
I. The Sight apprehends nothing diſtinctly, unleſs preſented b 
ty, urtional diſtance, 25 * 5 * | For 
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This is the diviſion of Opinions between Demo. Ity, 
critus and Ariſtotle. Democritus thought if it were to 
an empty Space, an Ant might be diſcovered creep. ſWwh 
in the Sky, from whoſe Opinion John Kepler ſeems 
not to diſagree, who opined, if there were intire- 
ly no Medium of Bodies, Viſion would be accom. 
Pliſhed better; becauſe by how much thicker that is 
it the more hinders and exchanges the tranſient Rays, 
whence conſequently it ſeems, by how much thin- 
ner, even to nothing, to wit, by it the Rays would 
paſs more expeditely : But Ar:ftorle contends, that 
through Yacuum or Emptineſs, if that ſhould be, no- 
thing could be ſeen plainly ; whoſe Opinion ſeems 
the truer; for Light conveyed through Vacuum is not 
ſeen, whole Office is to Illuſtrate: And if it ſhould 
illuſtrate Vacuum, it would Illuſtrate nothing, which 
is contrary to Nature; yet in this place we muſt 
not be Ignorant, that there is an Inſtrument inven- 
ted by Modern Philoſophers, in which Space is 
ſhewn ; concerning which tis certain, that not only 
ſome thick Body, but neither Water, nor Air, nor 
Sky is contained there: Either then that Space is 
Vacuum, or if Nature admits not this, without ano- 
ther Body intervening, Light by it ſelf can fill Space, 
the Nature of which is, ſo long to diffuſe or pour 
out it ſelf, until it be repelled from the objected 
opacous Body. | 

For tis neceſſary otherwile that there ſhould be a 
perſpicuous Medium, that the conveyed Light may 
receive the vilible Species, and may return it to the 
oppoſit Eyes, for the Superficies of opacous Bodies 
permit not only the paſſing of Light to the Eye, 
but they turn it from the Eyes, and revibrate 0r 
ſtrike it back into the oppoſit. 

If this Medium be Pellucid, it hinders not, al-. "=, 
though it be Solid and alſo hardned for as Kepler vi. E 


teaches, Light, although alſo it ſhould have quanti- II. 73, 
; tv, O0rt;g; 


mo- It, it would not be hindred by the Solidityof Bodies, 
ere to the end that it might leſs pats through them: For 
whatſoever is hindred, tis hindred or expelled by 
that which is of the ſame kind, as a Body by a Bo- 
dy: A Solid then hath three Dimeniions as 'tis a So- 
lid, but Light only contains two Dimenſions, vix. 
ength and Breadth, therefore Light, and the Rays 
of it, ſuffer nothing from Solids, for as much as they 
are Solids, neither do they affect one another mu- 
nally as to Solidity. , 1 

3. Iis not neceſſary to Seeing, that the Medium Space between 
le Eye and the thing ſeen, ſhould always be Iluſtrated; and when 
neceſſary, that it be not too much Il uſtrate d. 5 

To the Seeing of Lucids 'tis not neceſſary: Since 
re ſee in dark Mediums, not only burning 
orms, but alſo rotten Wood, and the ſhining 
dcales of Fiſhes; alſo *tis certain that Stars may 
e ſeen in the day time from deep Wells, from 
ares, and from Deas inacceſſible to Light: And 
hoſe things which are not Lucid of themſelves, 
rant indeed the preſence and Illuſtration of External 
icht, bur that Illuſtration muſt not be too much; 
vr if either the mean, or the thing ſeen, be too much 
luſtrated, the Viſion or Seeing is rather hindred 
han helpt: Hence, to the inſpecting of any thing 
ccurately, we lift up the Hand to the Eye, or we be- 
old through a ſmall hole, that too much plenty of 
ht may be hindered, and the weakning of the 
c 3 es taken away: Hence alſo, they ſee better, whoſe 


127 yes are deep in ;and for this reaſon Nature hath gi- 
the Wen the Eye-brows themſelves, that from the Hairs, 
lie ic Light may be ſomewhat refracted. „„ 
JE, Wl 4 The Medium Illuſtrated, is beſprinkled of foreign Colour, 


or for Light paſting by or through coloured Things, is affected 
the Colours of them, from which alſo the vifible Species is 
41 — neither of them being conveied without mixture to 
e Eye. = 5 
er: VI. From the Reaſon of Circumſtances of Place and of Time. 
Dur . The Sight apprehends nothing diſtinctly, unleſs preſented by 
t, Wortional diſtances XX | For 
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Even as therefore from longer Radiation, the Spe 


bed to the Radiation of the viſible Species, but tt 


N 


674 "Of OPTICS. Part.! 
For Viſion, ſince it requires a Medium, require 
alfo diſtance, which is neceſſary to be indiffterenif 
and proportionate with the thing to be ſeen; neither 
foo much remote, nor yet too near : For Viliblesa 
blyed near to the Sight, appear confuſed, and of 
!ackiſh Colour, and almoſt intirely without Figure 


cies of Viſible Points are diſperſed, and mingle 
with the middle or Medium Shadows; ſo ſhorter Ra 
diation conveles the viſible Species, thick, muddy 
and ſomething confuſed, which being diffuſed in the 
Air a little farther, they are made thin, they ate 
cleanſed, and brought back in order; not otherwiſe 
than the Vapours of Flowers and odoriferous Things 
froma ſhorter Interval, convey much Groſſneſs and 
Feculency with them to the Noſe, whichrender the 
Vapours of the ſame unpleaſant; but by fly ing fror 
a farther Space, they are made more pure, by cut 
ting off the Feculent and thick Parts, and are brought 
Sweet to the Noſe: Tho' ſome ſee acutely things a 
far off, others nigh at Hand; yet that is not to be aſci 


21d CC 


the different quickneſs of the Optic faculty, and t 
the diſpolition of the Eyes. 

2. Nevertheleſs the Term or bound of Viſion cannot certainly le 
determined. | | 

There are two things chiefly, which Limit our Sight, that 
it be not carried further. 

1. The riſing of the-Earth, by reaſon of which, the Sight ſcarcel 
extends more than five German Miles on plain Ground, or on ti: 
S-a, unleſs one be placed in an higher place, as on an Hill, or 01 
the Maſt of a Ship: For if there be given an Hill of one Mil 
high, on it, the Sight may extend it ſelf more than 40 Mile 
This cauſe is all alike with reſpect to all Men. 

2. The weakneſs of the Sight, which in ſome is greater, in( 
thers leſs : Hence ſome ſee things far diſtant, others ſee but 
little thoſe things which are nigh, ſo that certain Rules cannot 
be conſtituted. 1 | | 

q. Tet we lnom Generals afar off and ſooner that we have ſeen befor eat, 

So ſomething being ſeen azar off, 1 underſtand it at * „ empe 

9 a liruhen, @ 


rt.) 


Juire, 
erent 


„/ 675 
living Creature, becauſe it moves and goes forward: Aſter- 
nards, that *tis a Man, becauſe he Walks upright, by and by, a 


[ther dle by his apparel, at laſt being near at hand I know him to 
es ape 50 bn or Peter. e | 

of M 4. True Viſion and Diſtin is not made, but in ſen- 
ure lle time. BS : 


for if any one turns theEyesin a momen, the ſeesnot 


Spe 
j liſtinctly but deceives the Sight; even as in the moiſt 


1led 


R rift turning about of any Point,thePoint ſeems to be 
ddr Circle ; for the Eyes ought to be carried to all the 
n thEWilidle Parts; which Motion is not made in a Moment, 
ate it ſucceſſively in time proportionated to Motion; 
wiſe Which nevertheleſs becauſe of the ſwift Sharpneſs 


f the Sight, Which is as it were momentany, it diſ- 


ings, 
nguiſhes accurately, unleis between like Species. 


5 and 


rt Teſe things commonly are the Requiſites neceſſary to 
from e, certain, and diſtinct Viſion, one of which or more, 
cut they are either wanting, or depart from indiſferency; 
ugbü / wit ) will he made cither none, or falſe, or uncertain 
gs confuſed Viſion. 

cri 4:4 ſo far concerning Viſion in general; concerning 
ut ie Affections and Accidents of Viſion, and of each vi- 


We, it jollows in Particular. 


1d td 


CHAT. a 


10 be 

th Of the Viſon of Light. 

arc He fight in ſeizing of ſtronger Light, is grie- 
n th ved and hurt. | 


1. That happens by looking an the Sun, and by re- 
elring the ſplendor of reflected Light in a Look- 
g- glaſs: But the cauſe is, becauſe-as all Senſe, ſo 
lo the viſive Paſſion is ſome Inſtrument of Seeing, 
rought in from the Object, which when *tis im- 
noderate offends the Senſe. 

2, Allo it may come to paſs, that Light, the Mother of all 
Kat, by Imprinting the Colour on the Sight, "Changes the 
emper of it, and emitts vital Spirits, the Miniſters of Vi- 


an, 12 that a making Blind may eatily follow, | 
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Gift, which is to Illuſtrate obſcure things, rejoycinj 


Taiſed up and depreſſed. 


Part 
2. The intenſe Images of Light remain in the He 
alt hon gh after the beholding of ſtronger Lights. 

Hence it comes to paſs, that alſo by the Eyes bein 
ſnut, the Image of Light is perceived from the prece 
dent Aſpect: And alſo ſuch place leſsIlluminated, ſeen 
obſcure and Darkſom, until that Image vaniſh am; 

3. Stronger Light, bears down or oppreſſes the Mea 
and hides it and weakens it. 

So by the Light of the Sunor of the Day, ſome 
what alſo of the Light of the Moon, of Stars, and 
of Candles, are not indeed extinguiſhed, but weak 
ned and hid. | 

4. Light is more evident in Darkneſs. 

For contrary oppoſits between themſelves, ſhin 
more clear: Moreover Light it ſelf dilates large 
and freer in Darkneſs it ſelf, becauſe of its prope 


to perform its Office: And hence Aſtronomers g 
ther, as is ſaid before, that the Moon wholly walt 
proper Light, otherwiſe it would be impoſſible, ths 
in Total Eclipſes, the whole ſhould be parted wit 


from the Eyes. | 
5. Fiery Light, ſhining or radiating in flaming Mi 
ter, appears greater from afar oſt, than when near at hut 
For the Sight being remote, diſtinguiſhes not between H HHepa: 
Light effuſed from a Flame, and the near Illuminated 4 
which is thought equally to Shine, by being beheld afar off: Bi 
in a place near at hand the Sight diſtinguiſhes better betw 
theſe two: But yet we muſt underſtand here, the juſt and pr 
portionate Diſtance; for a Candle alſo appears leſs fron 
greater Diftance, than from a juſt Diſtance. 
6. Lighted Candles being ſeen by Night, withitbe Eye-brows 4 7 7% 
tle depreſſed, ſeem to caſt certain Lucid Rays like Pyramids. F = 
The cauſe of this is not the Light, which (in like Circuq 
ſtances) Radiates uniformly every way, but in the Site of t 
Eye-brows, the hairs of which, may in the manner of Looking ſprea 
glaſſes, caule that reverberated Glittering, ſo that at the Moiq; are ſt 
of them, allo thoſe Pyramid Rayes move and are inclined; Manotf 


poſit 


7. Vehement ar fierce Light ſhews many Cw 
li 


p. X. Of O PT'FOS. 577 
hich the Weak hides: Onthe contrary, weak Light al. 


; hews ſome things, which fierce or vehement Hides. 


Part] 
he Ey 


s bein so weak Light Hides ſmall Writings and Sculp- 6 
prect tures, ſtronger Light Illuſtrates and ſhews them: 
1 feen On the contrary, the vehement Light of the sun in 
1 awanthe day time hides the Stars: The ſame being dulled 


1 Eclipſes, ſometimes ſhews the ſame Stars, that 
the day time they may be beheld about Noon. 
8. Light gathered together is ſtrorger than d:ſperſed, 


Teal 


ſome 
's, and 
-weakWiohtens a ſmall bed Chamber ſtronger aud more 
elllbly than a large Room. 

9. A Luminous Body illumi mates an opac o Boch, 00 
. the ſtronger as it is nearer. 
For as other things acting, they Act fo mucht bs 
ronger by how much they are nearer to the pati- 
nt, ſo the ſame alſo happens in Illumination: For 
the Rays as they are nigher, are more preſs'd to- 
gether, and therefore ſtronger : When remote, they 
are more dilated or ſpread, and therefore they go 
forth fewer and more remiſs. 

10. The Kays of Light, eſpecially of the Sun, bidhy 
continued afar off, appear Parallels, 

For although they go forth from one Point, and 
eparate always more and more, yet where there is 
none, or but very little proportion, between the 
diſtance of the Lucid, and the Plane on which the 
Rays fall, the difference of inclination is not per- 
ceived, and ſo are eſteemed Parallells. 

Il. Lig: the further it falls through 4 Jmall Dole on 
in ohjected wall, it becomes the Larger. 

for the Rays come together in a Point of the hole, 
and interſect each other, and again immediately are 
ing pread wide from one another, and the further they 
are ſtretched forth, the more "they depart from one 
anther, and they ſcatter the Light,wider on the op- 


„ fun 
large 
rope 
Jycin 


fo ible Polit Wal il, 
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Hence it comes to paſs, that a burning Candle en- 
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12. Light having entered through an hole into an 0 
pacous place, repreſents it ſelf on ſome Opacous Objet 
and the further, it is the broader, yet by an inverſed Site 
And is indeed made perfectij round if it flow in Perpen 
diculærly through a round hole, and*tis more Imperfet 
the obliquer it is: The ſame comes to paſs in all Viſihl 
illuſtrated from Light without. | — 

The cauſe of the Site being inverted, is the inter 

ſection of the Rays in the hole; which makes, that 
thoſe things which are Inferior abroad or without 
become Superior within on the opacous Body, and 


the contrary : In the ſame manner alſo other Viſibles 


coloured, being emitted in the day time into ano 
,Pacous or ſhady Room through an hole (eſpecially 
Conical, viz. narrow within, and open a little wi 
der abroad) yet they are diſcerned ever ted or turn'd 
upſide down, if they are Illuminated by the Sun fro: 
abroad, and received into the Chamber on white 
Paper, and well illuminated; ſo that Birds flying 
and Men, are turned up- ſide down, and are behel 
as it were Antipodes Walking to and fro on the ob 
jected Table; and the more clear and evident 
if a Chryſtalline Convex optic Glaſs be put to the 
hole, if it can be had: To which, if another op. 
tic Glaſs of the ſame Convexity be adhibited, a lit 
tle more diſtant from the former, than the Semidi 
ameter of its Convexity; for then theſe Images vi 
be everted again, that they will be beheld, not ever 


ted or turned up- ſide down, but rightly. 

13. Alſo Light entering through an angular or corner d Hole 
and far continued, at length becomes round. 

This Theorem wants Limitation ; For 1, if as well the ſhin 
ing Superficies, as the Window or Hole through which it enters 
have circular Figures, the Rays alſo falling Perpendicularly, wi 
deſcribe a perfect Circle on the Wall. | 
2. If the Window, and the Superficies of Light have divers 
Figures, and each one diſtant from the Wall by a like Numb? 
of their Diameters, it makes a confuſion of Figures, and the 
Figure of the Rays will participate equally of both, as well q 
tlie Figure of the ſhining, as of the Window, 3. BY! 


Part 


An O ;. Butt if the Window: be didaut from the Wall 
Object by fewer of its Diameters, than the ſhining Super- 
d Site Fes is diſtant from the ſame by its Diameters, then 
"erperY the Fig ure of the Rays, and the Site of 7 75 comes 
er fell nearer to the Figure of the Window. - 

he 4. Laſtly, if the Window. be diſtant from the 


Wall, by more of its Diameters, but the ſhiging 


inter cuperficies by fewer of its Diameters, the Figure 
, thatii of the Rays will more imitate the Figure of the 
thoutM ſhining Superficies in an everted Site; and by bow 
and much the more that is, by fo much the more alſo 
ſible will this be: And hence it is, that the Rays of the 
ano Sun being ſent in through whatſoever ſmall chink or 


cially cleft, falls on the objected Plane in the form of a 
le wi Circle, in which the Eclipſes of the Sun may he he- 

urn q held fairly by unhurt Eyes: Concerning which you 
fror — ſee en a en EA 37: and the fe 7 ollowing. 


hig ES 


— 


Jug ; N XI. e 
2 Of theViſonef Column. 
dent Py Colours ſtrongly Illuminated, leave the 
0 ti 4 \ Image in the Eye. 

op. or if any one behold earneſtly, Colour 88 


a lit 
md! 
WI 
Ver 


Illuminated, will animadvert or think the former 
to be mixed with this. 
2, Legit „acts frongly 0 Whiteneſs, and Iluminates 


it more than Blackneſs.” 


Holt Like as if Red Drops fall into Water, that is Humor into 


Duſt, *cis gathered into a little Globe: So Light acts ſtronger 
on Wnitenels being akin to it, and more Homoge ene than ou 
Blackneſs which hath little or no affinity with Light: And hence 
allo it comes to pals, that Light, for Exam ple, falling on White 
Paper, Illuminates it further, than if it fall on any thing that is 
Black ;to wit, becauſe that Light alio being caſt about by "Wh lite, 
by reaſon of likeneſs, therefore it makes it grow confiderabiy, 
that the parts choſe into the Number Ire moſt ſtrongiy Iluſt 3 
Xx 4 tœc 


Tuminated,” he being turned to a Colour weakly 


Humor, it ſpreads it ſelf in it, but falling on its Heterogene, 
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ted : And from this is hegat an Opinion that Whiteneſs ſeparates 


Blackneſs aſſembles or gathers together the viſive Rays; but herg 


the Action of Whiteneſs and Blacknzſs is none, but tis a Paſſion, 


neither can any Superficies be effected by its Colour, that the 


Ray ſhould fall in, in another manner than the optic Laws them. 
ſelves compel to fall in, or light upon. 


3. Fair or bright Colour, dar tens or ſhades the mare 


obſe ure Colour next to it; and in like manner, dark Cv. 
Jour Luſtrates the light Colour next toit. 

This, Painters obſerve,” and by the apt placing 
of Colours only, they know how to repreſent deep 
holes, on high, depreſſed, wide: Hence alſo if iq 
an obſcure place in the Heaven and wanting Light, 
a lucid or white Border encompaſs it round about, 
it ſeems a deep hole in the middle, ne they call 
Aa _ 

4. In darkneſs no Colour is ſeen. 

Not that Night deprives a thing of its Cabo, 
or by Light being abſent, none of it is in it; but 
becauſe by the abſence of Light the radiation of Co- 
lours is prohibited. 

. Colour placed in Light, the nearer it comes to 
Whireneſs: the clearer it ſeems, Juppoſorg ing all other Cir- 
cumſtances are the ſame. 

For Colour is light in Power, or Light buried in 
Matter, and there, as it were bound, and therefore 
the chief agreement or relation of Colour and of 
Light is, that they act mutually in one another, and 
the ſtronger Light arriving on the out- ſide, the 
weaker brightneſs lying hid within, fetches out 
with its force, as if it were a Spark out of a Flint; 
or even as the heat in Ginger is not found by Ad, 
but if it come unto a caſual . then at length 
it pricks, and begins to Cemiunicate it ſelf ; ſo ac- 
cidental Light approach. 28 on the out-ſide, pricks 
the potential Light of Colours, that it pours forth 

its Species through the mean or middle. 
6. One and the ſame Colour in the E YES, MAY be varied 
in 2 ac Nane | 1, þ ) 


chap. XI. Of OPTICS. 68x 
1. By reaſon of Light; for weak Light ſhews not 


Colour perfectly; ſo in the time of the Eclipſe of the 


Sun, all things appear Yellowiſh; in the Evening, 
Plowed Lands ſeem Reddiſh or Purple Coloured, 
by the Sun Beams being ſtruck lightly on them; ma- 
ny things having one appearance or face in the Light 
of the Sun, another in the Light of a Candle, &c. 

2. By the reaſon of Shadow; for a Shadow talling 
on clear Colours, Darkens the ſame : Briefly, from 
the various Mixture of Light and of Colour, ariſe 
all the differences of Colours; as we ſee in Clouds. 

3. By the Reaſon of Site or Situation; for from be- 


holding divers Sites, alſo divers Colours are exhi- 


bited; ſo the necks of Swans and of Peacocks, ac- 
cording as they are beheld in divers manners, they 
bring divers Colours to the Eyes. 4 SIH 
4. By reaſon of the Medium; for looking through 
coloured Glaſs, the Viſible is thought to be tinged 
with the ſame Colour; in Walking in green Meadows, 
the Viſible appears Green, v:z, from the Green Spe- 
cies continually flowing, from Herbs and Graſs. 
F. By reaſon of the Interval; hence, White, ſeen 
atar off, is thought Blackiſh, or ſomewhat Black; re- 
mote Mountains, of Azure Colour; although this 


Deception alſo may be from the Colour of the-Air. 

6. By reaſon of the Eyes; for the Rays of theſe are often de- 
filed by vicious Humors, as when all things ſeem Yellow to 
thoſe that have the Yellow Jaundiſe: if a thick and groſs Hu- 
mor poſſeſs the middle of the Sight of the Eye, all things ap- 
pear bored or pierced thorow, if this Humor be diſperſed and 
black, all things ſeems full of Flies: If the Chryſtalline Humor 
be impure, all things are thought to be ſeen through a Cloud, 
or if it be divided, all things appear divided, 


BEET. 
07 the Viſion of Shadows and of Darkneſs. 


d Arkneſs cannot be ſeen, | 
For it is wholly the privation or abſence of 


— 
— 


Light: 


682 Of OPTICS. Part l. 
Light: Which abſence either of Light, or of any 
thing, cannot be perceived of Sight nor any other 
Senſe; but oaly by privation, (that is, by the 
removing, or by the denying of it to the thing 
of which it is the Privation) or abſence: As there. 
fore Silence 1s not otherwiſe known, than by the 
removing of Sound ; and in general, not a Being, 
otherwiſe not known but by the negation of a Being; 
ſo Darkneſs cannot be apprehended otherwiſe than 
by the negation or removal of Light. | 

2. A Shadow alſo may be ſeen from another, to mit, 
from the fir5t Light being abſent, but the Second preſert, 
For a Shadow is not the Priration of total Light, 
but only the leſſening the ſame, by the Interjected o- 
pacous or ſhady Body ; by which, the firſt, flow- 
ing from the Lucid Body is turned away, but the 
ſecond left; or being reflected from other Bodies, 
which is weaker than the firſt Light, yet the pre- 
ſence of it ſeems the Shadow. _ 

3. As Light weakens and hides Light, ſo a greater 
Shadow weakens and hides a leſs. © 
Therefore in the night the Moon being preſent, 
the Shadows of h or 2 are ſcarcely or not ſeen, which 
notwithſtanding may be ſeen the Moon being abſent. 

4. A Shadow being added to a Shadow encreaſes it, 
and it becomes Darker. 

For as Light is, ſo is alſo a Shadow, either Prime 
or Firſt; which is begat by the Privatioa of the firſt 
Light; or Second, that which is alſo procured of 
more, and alſo by the abſence of the ſecond Light; 
hence that participates of more Light, this of leſs. 
5. Night, is a Shadow and Darkneſs. _ 

For God himſelf called the Night Darkneſs, Ge- 
neſis 1. But Aſtronomers call this the Shadow of 
the Earth; and both rightly : For if from Light 
which Lightens the whole World, we can behold 
the whole Earth, a part of it being turned from Tot 
= un 
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gun and wrapt up by the Night, the Shadow would 


he perceivable by Sight: But becauſe ſuch aſpet is 
denied to us, and we are wrapt up by the Shadow 
of the whole Earth, neither alſo can we diſcern 
Light at the Sides, even as otherwiſe is done from 
Shadows: Therefore Night, eſpecially without the 
Moon; and the ſtarry Heaven being cover'd by 
Clouds, 1s accounted meer Darkneſs. 

6. AShadow moves not altheugh it ſeems 10 movez it being 
either fr om the Motion of rhe Light, or of the opacous Body. 

For *tis only the Privation of the firſt Light, in 
which, Motion happens not: And from a Body being 
moved, either Opacous or Lucid, always one and 
another Shadow is produced, from the former va- 
niſhing ; which theEye, by reaſon of equality, thinks 
to be the ſame with the former: When therefore a 
Shadow is faid to depart or proceed, tis to be un- 
derſtood according to common ſpeaking, and not 
to the very truth of things: The thing is otherwiſe 
with Light, which moves together by the fountain 


being moved, and Coheres inſeparably to its Fountain. 
7. AShadow Imitazes the Figure of the opacous Body, as far as it cun. 


The more direct an opacous Wall and a Candle 
are ſited to each other, the truer the Shadow Imi- 


tates the Figure of the opacous Body: On the con- 
trary, the more Oblique, the more it deeeives; ſo 


if the Shadow of a right lined Figure fall ona 
Sphere, it will ſeem crooked. 


So — 


8. A Shadom cat on a part oppoſit to Light, is er- 
minated by the Lucid Rays. 

So the Sun in the Eaſt caſts its Shadow into the Weſt: And 
the Sun being in the South caſts its Shadow into the North: 
The earth exifting in the middle of the Zodiac, cafts a Shadow 
into the place of the Zodiac, by the Sun being directly and dia- 
metrically oppoſit, as is ſeen in Eclipſes of the Moon. 

9. The Extream of a Shadow cannot be ſeen exactly. 


Which happens for two cauſes: For 1, contiguous Light 


which is apt to communicate and diffuſe, inſinuates it ſelf to the 
neighbouring Shadow, and is mingled a little with it; 2, The 
En terminating 
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684 0 Part l. 
terminating Shadow of the Lucid Rays are many, flowing ag 
one, from every Point of the Lucid Body, one of which lift; 
up or takes away another, | | 
10. We diſcern ſome things being placed in Darkneſ; . 
not Interchangeatly. : 
For means, or Mediums, are not neceſſary to Viſin, 
but only the Illuſtration of Vilibles is required, 
wherefore by Night, we behold the Stars from 
Darkneſs;and in the day time, from moſt deepWells 
or Pits, we diſcern the inacceſſible Stars by the di. 
urnal Light: So in Egypt, the Egyptians could fee from 
the moſt thick Darkneſs, the Land of Geſen being 1]. 
luſtrated, but the 1ſraelites not back again what was 
acted among thoſe. #5 
11. Alſo Pellucids may may caſt ſome Shadow, but in 
a thinner Medium, than the Pellucids themſelves arc, 
So a watery-or chryſtalline Globe, in the Air op- 
poſit to the Sun, caſts a Shadow, although thin; ſo 
the Air it ſelf alſo makes a Shadow, but on! per- 
cievable in the Sky; which way the Moon being de- 
prived of its Light, is the Shadow of the Air, not 


of the Earth, Kepler Teaches and Demonſtrates. 


I2. There arg as many Shadows as Luminous Boles, 


in reſpect of Opacous, in an indirect Site ar Situation. 


So if you place only one opacous Body in a Tranſverſe Site to 
three Candles, we ſhall ſee a three-fold Shadow of it: So in the 
night,theHeavenbeing ſerene,one opacousBody caſts ſo many lit- 
tle Shadows, as there are lucid StarsShining in the ſpacious ambit 
of Heaven: But theſe either are not viſible to any one in open 


view; becauſe that the blacker Shadows of the Moon and of 2 


ſurpaſs them; even as in like manner, the ſplendor of them ex- 
ceeds the ſplendor of the other Stars and obſcures them : But 
if luminous Bodies are ſited directly, and the Opacous be put 
in the ſame right Line: They beget only one Shadow, becauſe 
thoſe many Luminous, are as it were one. | 

13. Thelength of a Shadow varies, according tobe diverſe alti- 
tude of the Luminous Body. 228 

It is longer by how much the Light is lower, with reſpet to 
the vertical Circle; ſhorter, by how much higher; none at all, 


when tis Vertical. 


So with us, the Noon Shadow is the ſhorteſt 5 but the Mor- 
| ning 
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ning and the Evening the longeſt; becauſe the Sun there is 


higher, here lower: Nor it Matters not whether in reſpect of 


diſtance, it be nigher the Earth, or remoter from it: But in 
the Torrid Zone, to which the Sun becomes Vertical, thoie 
caſt no Shadow from themſelves. | | 

14. The Shadow of an opacous Spharical Body, being greater thas 
of a Lucid Body, is a Chalathoeidis, ee Fig. 205. | 


So called from Calathi, or an inverted Pyramid, or 


the Figure of a right lined Top, and the lower 


part of it, is about the opacbus Body very narrow; 


but by how much 'tis ſtretched out further, *tis 


rendred larger and thicker : For the Rays of Light, 
touching the extreams of the Diameters of the o- 
pacous and luminous Bodies, the longer or further 
they are produced beyond the opacous Body. the 
more they depart from one another, and are further 
diſtant ; whence the Shadow exiſting very little at 
the opacous Body, is ſpread out by little and little, 
even infinitely. 

1%. 7 
equal to the Luminous, is a Chylindroei dis. 

For it hath the form of a Cylinder, or of a round 


Column, and tis caſt of equal thickneſs ad infini- 


tum; for ſince the Diameter of the opatous Body 
is equal to the Diameter of the luminous Body, and 
therefore the Rays join the extreams of them, they 
become Parallels, and being infinitely produced 
will never meet, but always be diſtant by equal Spa- 
ces between themſelves. 

16. The Shadow of an epacors ſpherical Body, being 
leſs than the Luminous, is Conoidis. 

That is, it hath the Figure of a right Cone or of 
a Pyramid, and is thickeſt next the opacous Body, 
bur the further it goes forth, the more it leſſens, un- 
til at laſt it ends in a Point: For the extream Rajs 
of the Lucid Body falling on the opacous Body, Il- 
luminate more than half of it, and being produced 
beyond the opacous Body, they meet, and at laſt are 
tharpned to a Point. 17. Shadows 


he Shadow of an opæcous ſpherical Body, being 
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686 o Part J. 
17. Shadows of unequal and parallel opacous Bodies, 
| being terminated by the ſame Ray, or by divers of equal 
height, are proportionals to their altitudes, Fig. 209. 
For let the two opacous Parallels be de and be 
kerminated by the ſame Ray bd, I ſay that as the 
ſhorter ae, is to the length of its Body de. 50 
alſo is the longer Shadow ac to the Altitude of its 
Body be: Whence from the Altitude of Shadows 
of Bodies, may be gathered what we have ſaid before 
in Geometry at pag. 216. and the following. | 


[CHA P. 
Of the Viſion of Pellacidity or Shining through, 


1 Pellucid is not feen, but percieved by the pri- 
1 vation of Colour. 

So we ſee not Air in Air, Water in Water, Glaſs 
in Glaſs, and every Pellucid in an equal Pellucid; 
and becauſe we know they are not coloured, we 
count them to be diaphanous, iz, that may be 
ſeen, or ſhone thorough. _ > 

2. Yet by condenſation or thickning in athinner Medium, 
or by rare faction in a thicker, they may ſometi mes be ſeen. 

In the former Caſe, *tis as it were Opacous, by 
reaſon of thickneſs and condenſation; and as often 
after that as no other ſolid Occurs, ſo often it may 
be diſcerned, although weakly : In this manner we 
diſcern Chryſtal or Glaſs in the Air: So alſo that 
Air which is compaſſed about by the Lunar Body like 
to our Air, we may ſee, becauſe it is in a thinner 
Medium, to wit, conſtituted in the Sky : The which 
the fixed Stars when they are nigh to the Moon teſ- 
tifie, which being a little entered may yet be ſeen: 
So laſtly we obtain by Sight, the remoteſt Air from 
a Serene Heaven by condenſation, in the ſame manner 
as a Cloud beheld afar off, we behold with our Eye 
to be near, when nevertheleſs while we walk in it, 
wevery hardly or not at all diſcern it. We 


we 
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We havean example of the latter caſe, when the 
en Lucid Rays of the Sun are beheld entering through 
z Window, which although by reaſon of the con- 
eened heat, they rarefie the Air, yer becauſe they 
draw plenty of Light with them, they alſo termi- 
fate the fight. . 
50 3. In Pellucids, not only the Super ficies, as in others; 
its bit the whole Solidity is ſeen. _ 
+ For in theſe, the Rays ſubſiſt not in the Superfi- 
rc Wl cie as in other opacous Bodies, but alſo they pe- 
netrate the inner Parts, and ſhew them to the Eye. 


CH AP. XIV. 

Of the Viſion of Magnitude, 

Jom much the Angles are to the Beholder, ſo much 
J the thing appears, eſpecially if the diſtance be 
unknown. „ 

For Viſion is made by Angles ; therefore if the Angle of Vi- 
fon is great, the thing alſo appears great; if ſmall, it appears 
ſmall; And if two things are ſeen under an equal Angle of vi- 
fon, they may be thought equal, although indeed they are o- 
therwiſe in themſelves; So the Hand or the Finger, if we move 
them nigh to the Eye, may ſeem greater than a Mountain or 
a whole City, becauſe the Angles are ſuch: So the two Lumi- 
naries © and C being ſeen almoſt under the ſame Angle, may 
be eſteemed equal, becauſe the Sight knows not the unequal 
diſtance of them: So laſtly 2 and the Dog Star ſeem to the 
unskilful to be of the ſame Quantity, for the ſame cauſe, becauſe 
they know not the unequal Piſtance; and all the Stars may be 
thought to be fixt to the ſame Orb. 

2, Of Equal things, that which is neareſi 55 thought greatest, if 
they Shine upon, or irradiate the Eyes directly. | 

The reaſon is, becauſe the Angles of things near 
at hand are the greater: So to a Traveller, a remote 
City ſeems little, but coming nearer to the ſame it 


1 ſeetns greater, becauſe the Angle of Viſion is increa- 
m ſed; che City remaining alike in it ſelf. 1 
er 3. Let the difference of Diſtances is greater, than of 
*# me Magnirndes of Angles. 

t, 


Hence 
7e | 
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Hence it comes to paſs, that equal Objects une- 
qually remote, are ſeen, not under the ſame propor- 
tion of Angles of which the Diſtances themſelves are, 
nor, for Example, being moved doubly nearer, do they 
therefore alſo appear doubly greater; ſo although the 
Moon in Apogzon ſhould be doubly further from the 
Earth than in Perigæon, yet ſhe is not therefore doubly 
greater inPerigæon in her apparent Diameter: Never- 
theleſs the Star of Mars, becauſe ofthe great varietyof 
its Diſtance, alſo its Magnitude indeed not really, but 
to our Sight varies notably: For ſometimes when 
*tis at the higheſt *tis ſcarce comparable with Stars 
of the ſecond Magnitude: But ſometimes when it 
comes nigh to the Earth, it encreaſes ſo much that 
*tis equal to Jupiter, nor can it be diſcerned from it, 
unleſs by its Place in the Zodiack, and by its golden 
Colour : And by the Ignorant, is accounted for an 
extraordinary and prodigious Star. 8 

So it came to paſs in the Year of our Lord 1529 in 
which Solyman the Emperor of the Turks ſitting down 
againſt Vienna, that being atteſted by Philip Melan- 
cthon, in Book 1 of Phyſics in which he wrote of Mars. 

It was alſo retrograde and of an unuſual Magni- 
tude, and its Body was beheld of an horrible red 
Colour, by reaſon of its nearneſs to the Earth, fo 
that many being Ignorant of the Cauſes, thought it 
to be a new and prodigious Star- in the Heaven, 
alſo ſome believed it to be a Comet, which alſo came 
to paſs concerning it in the Tear 1653. 

5. Thc Eyes ſees leſs of a nearer Magnitude than of a Remoter. 

The reaſon is becauſe the capacity of the viſive 
Angle hath a ſure bound, nor dothit ariſe to a right 
Angle, much leſs to an Obtuſe, Fig. 210. 
| Therefore although the Eye coming to a Viſi- 

ble, thinks to ſee it more; becauſe nearer things 
are beheld under a greater Angle of Viſion; yet in 


truth it ſees leſs, becauſe the Angle of Viſion, al- It 
though 
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though greateſt of all, can no more include the 


or- Wyhole viſible, ſince tis become obtuſe, under which 
ws, zothing can be ſeen. £2 

1 The reaſon is the ſame of Spherical Bodies, con- 
0 cerning which, the Eye being remote, ſees more, 
due Abr being nearer, ſees leſs, as is ſeen in Fig, 210, in 
Y rich the viſive Raies of the Eye being remote, ap- 
w proach nearer to the Diameter of the Globe, than 


if the Rayes of the Oy been nearer. 

6. Magnitude is variedby obliquity, by the Night, & 
Liht, by Twiliehts, by the he. bs Ae i 80. 

1. For the more oblique the aſpect of a thing is, 
the leſs the Magnitude of it appears, and by it all 
things are more curtailed and made ſhorter. 

2, That Lucid things in Darkneſs ſeem greater, 
js faid before : But on the contrary, becauſe Light 
ſpreads and enlarges it ſelf every where, it comes 
© paſs, that contiguous Opaques are ſomewhat cut 
ff and taken away: for if yon appoint a Staff nigh 
t hand to be laid over againſt a candle, but you 
ook on it afar of}; it will appear, where the ſplendor 
paſſes, ſnagged on both ſides, and as it were made 
allow by notches and gaps. 

3. Alſo according to the various Diſpoſition of 
be Eyes, the ſame thing may be ſeen one while 
eater, another while leſs. 

4. A Medium alſo that is thick, increaſes Magni- 
des: and one that is thin, diminiſhes them, as ſhall 
eſhewn hereafter. 


CH AFP. XV. 
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VE 
ht Concerning the Viſion of Place. 


IN Spherical , the lowe#t place is the Center; the 
i= upper mol, is whatever departs from the Centre to- 


gs Nas the Superficies. | 

in Þ for ſince the higheſt and loweſt are diſtinct, and 
I. ere is no reaſon, if we would ſeek theſe in a Su- 
ch Fificie on every ſide alike to it ſelf, why we ſhould 
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call one point the higheſt, another the Ioweſt; tis ne- 
deſſary that of theſe,v:z.ofthe higheſt and loweſt, 
{ould aſſume one in the Center, the other in the Su- 
per ficie: BecauſethereforetheSuperficies of the whole 
Spherical World is accounted by all for the uppe 
part, it follows, that the Center of the World, and 
therefore alfo of other Sphericals is the loweſt place 

2. The Eye, in reſpect of the World, whereſoen 
placed, is always in the lower place, and they are & 
perior to it, whatſoever depart from the Eye. 

For every Eye whereſoever placed, by the imagi 
nation Frames a Sphere about it ſelf, placing it elf 


I 
cu. 
thi 


in the Centre: which if therefore the Center isthe 7, 
loweſt place of the Sphere, the Eye always wil Min 
in the loweſt place, all the reſt are in the uppeiſc.. 
places: ſo if we Men are converſant in the Cethat 
ter of the World, all other places of the World will... 


be above us, of which no one donbts : And if any; + 
one ſhould conclude, becauſe we account all thing righ 
above us, we therefore are converſant in the Ceniſde 
ter of the World, he would argue amiſs : for if be chat 
yond the Center of the World we ſhould be ele 
vated to Jupiter or Saturn, there alſo we may cot 
ceive a Sphere about us, and we ſhould deſcribeit d 
the Eye, and therefore we ſhould be notwithftand 
ing in the loweſt place. 

But becauſe thoſe things which are beneath ot 
Feet, we call below; that is true in reſpect of ti 
Center of the Earth, of our abode, ſome part 0 
which we are; but elevated above the Center ward 
the Earth: Therefore we truly ſay, all things eve 
to the Center are beneath us, in which Ceater 
we ſheuld be, thoſe things would not be abort 
which now we ſay to be beneath us Or if u 
ſhould remove the whole Earth by Imagination, tix 
we ſhould be in the lower place, having ſtill nothin 


beneath us: That alſo ovght to be known from t 
cultat 
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cuſtom of common ſpeaking: for commonly thoſe 
things are called rightly, Superior or above, to the 
ſeeing of which we lift up our Eyes, and thoſe inferior 
or beneath, in the beholding of which we have need to 
depreſs or caſt them down: and hence it follows, if we 
Hnould inhabit in the lower Hemiſphere of the lobe 
of Saturn, and we would behold our earth, it would 
bato us by lifting up the Eyes, and therefore the earth 


would ſeem to us to be {ited in the Superior place. 

3. Such as is the Site of the Rayes, ſuch the place ſeems. 

For thoſe things which are beheld byRays to the right hand, to 
the left hand, to the Superiour ; are ſeen on the right, on the left 
hand,orSuperior,or Inferior,altho' in truth they have equal Site. 


Of two things placed before us in the ſame right 
Line Parallel to the Horizon, that which is further 
kems higher, the nearer, ſeems the lower; becauſe 
that is diſcerned by a Superior Ray,and this by an in- 
ferior one : In the ſame manner,of two things placed 
in the ſame right Line Parallel to the Horizon on our 
right ſide ; that which is the furtheſt ſeems on the left 
Ide, and that which is neareſt on the right; becauſe 
that is beheld by a Ray to the left fide, but this by 
a Ray to the right ſide : From chis deception of 
ght, an erroneous opinion is begat, whereby the 


naters are thought higher than the Shores or Banks, 
When in truth they are lower: For if ſtanding on 
the Shore, you Meaſure by an Inſtrument the Level 
of the Waves, all which alſo the extream ſight ob- 
tains, you will in no wiſe find the elevation in them, 
but always ſome ſmall declivity or leaning down- 
wards ; and it will appear, that the Waves are not 
above the Earth or Shores, but ſubſide or remain 
beneath the ſame : Therefore the Senſitive eſtima- 
tion is deceived in this, that the extream parts of 
the Waves are beheld by the Eyes more elevated 
than the nearer parts; whence alſo they think them 
to be higher than the nearer : yet nothing hinders, 
hat is ſaid, leſs concerning theſe things, than con- 
erning others, not as they are indeed, but even as 
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they appear to our ſight; the which not only hay his 
pens in common ſpeaking, but alſo oftentimes j thi 
holy Scripture It ſelf; as when Chriſt commande x 
Peter the Fiſher to Lanch into the Deep and to Joo 


his Net to Catch, Zuke 5. alſo hence it follows tha 
4. Things afar off are more like to contraries: that is, 
Being further continued on the right hand, they ſeem onth the 
left, and the contrary : allo things above, the further they x the 
from fight, they are thought lower by it, and interchangeablyManc 
So to one ſtanding on the Bank of a River, it may comet Fre 
paſs, that the River may ſeem to run not downwards but Ane 
wards, becauſe the ſite of the Rays is in ſuch manner. - 
5, When the Image of a thing ſeen, is inthe Eye, yet the ſyl Tri. 
judges divers ways concerning the diſtance of the thing it ſelf. Nes 
| 1. From the Light being ſtronger or weaker. gut 
Light from afar, comes Languid and weak, buff}: - 
from near at hand it comes ſtrong ;- which gives ti ore 


diſcovery of diſtance. tel 
2. From things put between the Eye and the thing ſenMang 
For not only ſome thing is ſeen from afar, hut Hang 
ſo thoſe things which are placed between that anWore 


the Eye, whence the Ratio or Reaſon of diſtance io th 


f 3. From the Air being between, ret, 
For this alſo is Repreſented to the Eye: for ſiaWiſta; 
it is tranſpicuous; from every point of it, the Raj 
of Light recoil or are beaten back to the Eye MW Ne 
Therefore the parts of the Air next to the Eye, aroſe: 


pear near, thoſe that are diſtant, appear ſo ; laſt\Wlſo a 


the Mediums are Repreſented: in the middle 0 
mean: Even as alſo in a Looking-Glaſs, not oni 
our countenance, but alſo the ſpace placed betwet! 
us and the Glaſs, is received into it, which is mad 


Glaſs or depart from it. 
4. From the diſtance of both the Eyes. Haste 
For two Eyes are given to living Creatures, not li 


compenſation of one being loſt, as is commonlſſh, che 


ſuppoſed, ſince Nature deſigns nothing to be loſt q out 


damaged old: 
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' hayazmaged : but for the knowing the diſtances of 


les itings, by the Geometrical Dimenſion of a Triangle. 
. For as in Geometry, from two Angles of a Trian- 
00 


ele given, with the interjected fide, the other ſides 
are given: So by iight, a Triangle is conſtituted, 
the two longer ſides of which, are the Rays from 
the point ſeen, conveyed to both the Eyes, 
ne the third leſſer fide, is the diſtance of the 
Eyes, which with the two longer ſides, form two 
Angles in the Eyes themſelves : Therefore in this 
Triangle, the leſſer fide, to wit, the diſtance of both 
yes, Is known by the accuſtomed common ſenſe : 
ut the Angles at that diſtance become known,from 
he ſenſe of wreſting about of the Eyes; for the 
more they are wreſted about, the Angles are made 
te leſs, and they argue the thing to be the nearer ; 
Ind the leſs that the Eyes are wreſted about , the 
Angles are made the greater, by the diſcovery of 
greater diſtance, yet of having ſenſible proportion 
o the diſtance of the Eyes: For if the excels be ve- 
Tj great, the Axes of the Eyes are in a manner di- 
rected Parallelly, neither do they comprehend that 
uſtance otherwiſe,than any other greater by infinite 
arts. | . 
Nevertheleſs this faculty of knowing diſtances, 
Froſe at firſt from this Society between the two Eyes, 
lo afterwards it was derived into each eye; ſince 
the other affections of the Eye, as alſo by the 
otion of the head; by vrhich Motion, one Eye be- 
[Weng moved, may be inſtead of two. 
. Bem many things put between the Eye and the 
le thing ſecn, it ſeems to be further off. 
Hence theStars inthe Horizon or conſtituted nigh to it, appear 
| oo; becauſe many Tracts of earth are placed between: as 
| _ Vallies, Towered Cities, Rivers; which in ſome 
_ they ſhew the viſion of a huge diftance of the Heaven: 
1 the contrary, Vertical Stars, or of the Meridian, are 
ought nearer, becauſe while the Eyes are raiſed upwards, we 
hold nothing in che middle between (belides the meer dia- 
Ty 3 pha- 
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which will appear to the Eye B, almoſt under O, but to the Eye 
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phanous Heaven) from which we eſtimate the diſtance of the 

Stars: So Clouds, appear higher in Hilly places than in Planes, as {W114 

in Helvetia, oy in Alſatia, for the ſame cauſe, 
7. The ſame thing being near, ſeems in divers places, by Redfin 

of the Parallax of the Eyes. 9 8 en d e 
Even as before in Aſtronomical things at Pag. 349. we have 


faid concerning the Moon, which by Reaſon of the Parallax, inte 


if ſhe be beheld from the Superficie of the Earth, a- 
pears in one place in the Heaven; if from the Center, in aro- 
ther: So the ſame happens to every thing ſeen, by Reaſondf 
the Parallax of the Eyes, for ſuppoſe in that Scheme Fig, 166, 
A and B co be the two Eyes of one Man, and C the thing ſeen, 


A, under D; The whole of this thing, and the palpable Exan- 


ple, a Man may take from himſelf; for hold the head unmored, ] 
ſhut the Eyes by turns: being opened behold the Note, iftpei 
you look fo the right Hand, you will behold the Noſe to thei, © 
left hand, if you look to the left you will ſee the ſame to the the 
right hand part of the Pavement ; And ſo as often as you change for 
the Eyes, the Noſe will ſeem to make a leap, although it reſt {Writ 
The ſame allo happens if any thing be ſet far diftant by behold-W {1 
ing it with either Eye. 7 ; 2 
CHAT. are : 
Of the Viſion of Number. hap 
15 F. two Eyes being well, and moved together, one thing DF 
CEMSs x 
Indeed all Images of things ſeen, are painted it and 
both Eyes: And that one thing ſeems one from tuq /®* 
_ Eyes, the cauſe is, not the Union of the two Nerve +» 
of the Eye, as ſome think, for as much as by tw * 
Eyes alſo we may ſee two Images of one thing, nol p. 
withſtanding the Nerves being conjoined ; but ti ding 
true Cauſe is, the equal Site of the Axes in both Eye . 
| and t 


whence it is, that in like manner each Eye and ti 
common Senſe or Judge, accounts two like Image 
for one and the ſame, becauſe the right Eye accept 
not another Species, nor Sited in another manne 
than the left, but altogether the ſame. 
2. Many ſmall things ſeen afar oſf, may ſeem one cont 
uous thing. | 


That happens in the Milky way, which is a Pi 


and 
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f many very ſmall Stars, which by Reaſon of their 
malneſs, multitude and cloſe coherence, no man 
an eaſily diſtinguiſh, unleſs hy uſing an Optic Tube, 
r Proſpect-Glaſs : So likewiſe it comes to paſs in 
Letters Writ on Paper, which are ſeen from ſome 
interval , the whole appears of a Homogene and 
Aſhey Colour ; or if any one make a hole through 


artT, 


of the 
ines, as 


Reaſun 


e have 
rallax, 


5 q 

* a Pot, and it being filled with live Coals, and be- 
alonding beheld afar off in the Night, the whole will ſeem 
50 burning : for the Sight by Reaſon of too much 
n= Frediltance cannot diſcern ſo many ſmall Particles. 
Exam: 3. One V ſible alſo may ſeem two, 

nord, To wit, if the Eyes be diſtorted or ſet awry from 
y their Natural Sight, and moreover if the Axes of 
to thee Eyes are not in the ſame manner toone another 


bange for then, not the fame, but divers Images are im- 
reſt printed on each. While therefore, the right Eye 
enolt ſhows this, the left Eye ſhews another Image to 

common Senſe, it comes to paſs, that for one, two 

are apprehended : that which frequeatly is wont to 
* happen to ſleepy perſons and Drunkards: The ſame 
comes to paſs, if ſome thing be direct to one Eye, 
di 42d you behold it obliquely by the other; or if 
you Squeez one of the Eyes, or in any manner turn 


1 (0 : : 
rye if awry : But the nearer the viſible is, the more 
tuch diſtant the two little Images will be from one another. 


4. And number is apprehended from the parting of Vijibles. 

For from the Multitude of Viſions, from the Magnitude of 
things, from the Motion, from the Site, from the place, and 
from other diſagreeing known things of Viſibleszthe Multitude, 
and the number of Vitible things are known. 


GN AF AVE 
Of the Vigon of Figure, 
. P%n moſt ſmifily turned about, ſeem Lines of 
the Circumſerence of a Circle. 
The cauſe is from the ſwiftneſs of the Motion, 
and from the Similitude of ſpace, by Reaſoa of 
TY 4 which 
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which the Eye cannot apprehend the diſtinction o 
places. _ | | 

2, Of Parallel Lines or Equal Superficies, thoſe ſee 
leſs, that are furtheſt diſtant, and at laſt they are thougl 
to meet. | 77 

The Reaſon is, becauſe of the Angle of the g 

holder being directed to things equidiſtant, but being 
directed to things unequally diſtant, about neare 
things they are made greater, about remote thing 
they always are made more acute; and when at 
laſt they make a moſt ſharp Angle, they are thought 
wholy to go into one another, and to depart from 
the Reaſon of Parallels. 

3. Circles ſeem to be right Lines; the Eye being yl; 
ced either in the Center, or in the ſame Plane. 

For Points ſeen by high Rays appear high, and 
more remote from the Center, than thoſe which are 
ſeen by lower Rays. 


Hence Celeſtial Circles, of which the Center is 
our Eye, are accurately repreſented by right Lines; 
for example, the Meridian by the Meridian Line ; 
for which cauſe alſo they are depicted only b 
right Lines on Sundials : For this cauſe alſo the 
Moon being biſected into Quadratures, appears not 
crooked as at other times, but terminated by aright 
Lane | | 

4. ASquare Superficies ſeen obliquely is thought to be an 06101 
Trapezia: but being Circular, it appears an Ellipſis or like a Lentil 
and the contrary, ſee Fig. 211. ß 

For all things in general, if they are beheld obliquely, the 


loſe their true Figure, and the true Figure is only ſeen, if the 
Eye 1s perpendicularly direct to the Center of the Superficies 


| 5. A Sphere beheld afar off ſeems a Circle. 


For ſince all Lines falling on the ſame Superficies 
of a Spherical body, are ſeen equal; it is neceſſar 
that the Superficies of a Spherical body ſeem: 
Plane: So the Sun and the Moon which are God 
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Bodies, yet they ſeem to be plane Circles, jult like 
Platters. | 

6. Angular Figures being ſeen at a diſtance, appear 
round. | | 

For becauſe every thing that is beheld hath a cer- 
tain length of diſtance, which being filled up, is 
no longer ſeen; and therefore Angles, as the leſs 
parts, about which the breadth of the obſerved is 
leſs, they ſooner vaniſh; and the Figure remains 
either round or nigh to a reund : And therefore 
Square Towers being beheld afar off, are accounted 
for round ones. 

7. Of a Globe, the Diameter of which is equal to the 
diſtance of the Eyes, one half is ſeen : Of which 'tis 
greater, the leſſer Segment is ſeen, of which tis leſs, 
the greater Segment is ſeen. 

For by drawing Lines from the Eyes to the ob- 
jected Globe, there they touch in the exrreams 
themſelves of its Diameter : in that place on this 
ſide, but here they touch the Globe beyond the Di- 
ameter, whence : 

8. If the Eye come nigh to the Sphere, it indeed ſees 
leſs of the Sphere, though it may fancy it ſees more. 

For from afar off, the viſive Angle is leſs, yet 
it comprehends more of the Sphere; but the Angle 
near at hand, is indeed greater, but comprehends 
leſs: Whence this part ſeems greater than that, by 


- reaſon of the greater Angle, when in truth *tis 


leſs by reaſon of the leſſer comprehenſion. 
HA ATM 
Of the Viſion of Motion and of Ret. 
Otion and the differences of it, ſince they are 
not proper objects of Sight, neither have they 


I, 


peculiar Senſe, but are only judged by common Senſe, 


from the comprehenſion of Viſibles, under a certain dif- 
ference of changing of Place and of Time: But Reſt 1 
ſeen under an unchangeable Site in ſenſible Time. 

| | For 
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For if a Viſible, ſhall have to an _— 
in the ſame Place, a Site at one time, diſfering to the I (71 
Site of it at another time, we gather it hath been | 
moved forward: If the Site be the ſame it hath it! 
reſted : And from the Space through which the Ml "" 


viſible is moved, either by a crooked,or a right Line, 8 
the motion alſo is Judged to be either crooked or 
right. di 
2. Things nigh at hand equally ſwift, either in the ¶ re 
ſame, or on the contrary part, ſeem to reſt. 0 


So if two Fiſhermen in the lower Necker, each of N U 
which rowing in his Skiff, nigh each other with an is 


equal motion, one ſeems to the other to reſt (ſup- 01 
poſing all other Circumſtances are the ſame, that is, M x 
not having the reaſon of the Shoar, and other im- a; 


movables of Seeing nigh at hand) becauſe altho 
they Sail or Row together, yet one Skiff tothe other, l[ 
appears Sited in the ſame manner, v:z. to the right 
Hand or to the left Hand, and therefore no Motion k 
ſeems to be. | . ſ 
The ſame happens in two contrary Motions, if t 
they are alike Swift, that they aboliſh one another 
mutually, ſo if a barge Man in his Barge, ſhall Aſ- 
cend, even ſo much againſt a River, as his Barge 
Deſcends according to the River, then being beheld 
croſs-wiſe-in a green Field he will always ſeem to re- 
main in the ſame place, in reſpe& of the Shoar, 
and therefore to reſt: In this manner alſo, from the 
Hypotheſis of Epicycles, the Planets in the Heaven 
ſeem to be Stationary or Retrograde, although they 
proceed by their perpetual Motion. 
3. The diftance of Viſibles being unequal from the Eye, 
but of equal Motion : The Motion of the more remote, 


appears the ſlower. 
For the Space of the more remote is diſcerned under a lels 
Angle of Vition, but of the nearer, under a greater; whence | 
that is thought leſs, this greater, although in truth they 


are equal. 
1 4. 4 1 


. a way pas M4, of 


4. A moveable, being more remote and equal in Swifwneſs, 
ſometimes alſo it will ſeem to go back. 

For when 'tis nearer it ſeems to move ſwifter, being remote, 
it will ſeem afterwards to relinquiſh it ſelf; which relinquiſhing, 
where the Species of Motion is not diſcerned accurately, is 
thought a going back. 

5. An Orb in very Swift Motion, ſeems to reg. 

For becauſe of the velocity of Motion, the Eye 
diſcerns not ſome and the other Parts, and when it 
returns moſt {ſwiftly to the former Site, it ſeems al- 
together not to move, but to reſt; ſo an artificial 
Wheel, turned ſwiftly through large Streets, 
is thought alſo not to be moved by a circular Moti- 
on about the proper Axis, but only to be moved by 
aright Motion : the ſame may be minded 1a a Top, 
and the Wheel of a Potter. 

6. Molt flow Motion (either true or apparent) alſo 

eems to rect. | | | 

So the fixed Stars ſeem to reſt, neither ſhould we 
know them to move, unleſs by the benefit of rea- 
ſoniag we gather it from this, becauſe ina morning 
they are converſant in another place than in the E- 
vening : The Cauſe is this, becauſe although in- 
deed they are moved ſwiftly, viz. according to the 
Hy potheſis of the Ancients, in one Minute of an 
hour 75479 German Miles: Yet to us who com- 
prehend this huge Space by a ſmall Angle of Viſi- 
on, they ſeem to move moſt ſlowly ; which Motion 
in a ſmall time cannot be perceived: So alſo 
any Index of a Clock or Watch, we cannot diſcern 
it to go forward, bur we gather the Progreſs to be, 
from the place being changed. | 

7. Any thing Proceding ſlowly, ſeems to go backward, 
but proceeding ſwiftly it ſcems to run forward. 

So the Moon indeed being moved more ſwiftly, ſhe apparent- 
ly moves more ſlowly than the Clouds under her; ſeems at 
another time to move moſt ſwiftly. _ | 
8. Athing near at hand wholly ſtanding ſtill; ſeems to meet with 
Jou cr to go backward, by coming 10 it or departing from it moſt 
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700 of DTF Part J. 
ſwiftly, and beholding it obliquely; but being moi remote, it ſeems 
to proceed, all under one. : ; | 

If any one Rides nigh Trees, or Sails over a Ri- 
ver approaching to Trees, or to the Port or Har- 
bor, they ſeem to meet with him ; if he depart from 
them, they ſeem to depart ; ſo the Moon by rea- 
ſon of the unproportionate diſtance from the Earth, 


ſeems in the Night to make a Journey with the Tra- 


veller : Becauſe, always after ſome and other Moun- 
tains, it is beheld Sited in the ſame manner: Thus ſup- 
poſing one could be transferred into the Moon, whoſe 


Motion is a cauſe of the greateſt Velocity, then 


the Moon would ſeem to ſtand ſtill, but the Earth 


to move, with the ſame Motion that the Moon 


does, but the contrary way. 


- 
< 


9. A Thing at re$t ſeems to move, either from the 
Motion of the Head, or from an Heterogene mean or 
midale, being moved: And all things are thought to turn 


round. 


For from a ſwift Motion, the Eyes are ſo affected, 


that if either they behold for ſome time, a ſteep 


Torrent, or a Potters Wheel, or any ſuch like thing 


in ſwift Motion, they think other Immoveable 
things alſo to move with the ſame Motion, the Eyes 
being turned to them; for, the optic Spirits being 
vehemently agitated by that turning Motion, as 
yet run hither and thither, although the Body 
reſt; or a Top that Boys Whip, which by reaſon 
of the communicated force, Runs or Spins for 
ſome time although the Hand of the Agitant reſt : 
Or even as from the ſwift courſe of a Ship conveyed, 
although for divers Months ſhe be at reſt or lye in 
an Harbour, yet ſtill it ſeems to move it ſelf : Like- 
wiſe if we behold ſomewhat, through a moveable 
loop hole, you will think a thing that is at reſt, to 
move 1n the ſame manner. 

10. Equal circular Motion, ſeen from another than 
the proper center, appears unequal. For 


Chap. XVIII. 
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For from any other Center, the moveable will 


paſs through either equal Arches, in unequal time, 


or in equal time, unequal Arches; and therefore 
will ſeem to move unequally. 

11. The Motion of a Man, which is not perceived in 
the Body, by the Argument of Succeſſion ;, or which he 
knows not to proceed from his inward moveable faculty, is 
accounted for rect. | 

So when a Man is ſnatcht away from the ſlow and 
equal motion of a Ship, himſelf reſting, he will 
think the neighbouring Shoar to move towards him. 
12. Thoſe things which appear greater, and either ex- 
ceed the Eye, or Poſſeſs a great compaſs, are thought to 
ret; but thoſe things which in reſpect of them appear 
little, thoſe on the contrary ſeem to move. | 

So the moſt ſmall Stars, according to Sight move 
ſwiftly between great Sheets of Clouds, but the 
Clouds are eſteemed to reſt. | 

13. As the inequality which ſhews a moving thing ſome- 
times in a ſwiſter, ſometimes in à ſlower Motion while it 
performs its Revolution, is begat from the diſtance of 
the thing ſeen, from the Principle of equality, that is from 
the Center; ſo that inequality which ſhews a thing ſome- 


times going forward, ſometimes backward, argues not 


only the diſtance of the thing ſeen from the principle of 
Equality, but alſo the Motion of the thing diſcerned a- 
bout that Center. | 
For the Progreſs and Regreſs are begat from the 
reciprocation or going back of apparent Motions, 
and from the various Poſition of the Motion of See- 
ing to the thing ſeen, being moved unequally in re- 
ſpect of him that ſees: From theſe and ſuch like 
optic Axioms the Followers of Copernicus, defend 
their Aſtronomical Hypotheſes : By which they diſ- 
patch by a wonderful Compendium, thoſe things 
which others ſcarccly repreſent by many Wheels 
and Circles. e 1 
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Part. II. OF CAT OPT RICS. 


» 


S 
Of Definitions. 
1. ge c, is that which treats concerning Re. 
fleted Viſion. | 

2. Keflected Viſion, is that which comes forth from 
ſome Superficie, the Rays being Reflected, or beaten 
back; to wit, from a Looking-glaſs or Speculum in 
the ſame Medium. 

3. A Looking-glaſs or Speculum, is a thin body, 
poliſhed by Nature or art, Reflecting the Images 
of things, and caſting them before the Eyes, from 
which, right Lines may be drawn into it. 

4. Poliſhing, is the continuity of the parts of the 
Superficie of the Poliſht body, without ſenſibility of 
Pores or of Diviſion. | 

5. And a Looking-glaſsor Speculum, is either Natu- 
ral or Artificial. 

6. Natural, is that which Nature it ſelf produces 


and Poliſhes. 


Such are Air, thinner and thicker, Clouds, Water, ſome 
Gems : The Eye alſo, in which any one may contemplate 
himſelf, as in an Artificial Looking-glaſs, 

7. Artificial, is that which the induſtry of art hath 
Prepared. | | 

Theſe things have their Original from natural things, 
when art Imitates nature and is as it were the Ape of it. 

8. Moreover Artificial Mirrors or Speculums, 
are either Regular or Irregular. 

9. Regular, are thoſe which have Uniform Figure: Irregular, 
which have deformed. | 
10. Regular, are either Plain, or Convex, or Concave, Vite 
of which the Superficies is Plain, Convex, or Concave. 

11. Catoptric Radiation or ſhining, is in this manner, viz. from 
a Viſible Ray of Incidence on a Mirror or Speculum and from 
the Ray of Reflection from the Mirror it Radiates on the op- 


Polite part. 
12. A 
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12. A Rayof Incidence, is that, according to which, 
the Species of the Viſible thing falls on the Superſicie 
of the Mirror or Speculum : For Example ;, ſee Fig. 
212. C falling from the Ray c e, on the Glaſs or Specit= 
cum fed. 

13. A Ray of Reflection is that, according to 
which, the Image of a thing is Reflected to the ſight 
or the Eye, as ea. 

14. A Point of Incidence or of Refie&ion, is the 
common Term of theſe Rays, 2 te. 

15. The perpendiculars alſo in this place to be 
conſidered are three. es, | 

Of Obliquation, of Incidence, and of Reflection. 

16. A Perpendicular of Obl:quation is, that which 
being drawn out from the j; oint of the Viſible thing, 
on the Superficie of the Looking-glaſs, or Speculum, 
and being produced, makes equal Angles on both 
ſides with the Glaſs or Speculum, as cf g. 

18. A Perpendicular of Reflection, is a right Line 
falling from the Eye on the beheld Superficies at 
right Angles, as ad. 

19. From theſe Lines, Angles are conſtituted ; one 
of Incidence, the other of Reflection. 

20. An Angle of Incidence, is that which conſti- 
tutes theRay of Incidence with the Neigbouring Su- 
9 2 of the Looking-glaſs or Speculum, as 
cef. | | 
21. An Angle of Reflection, is that which conſtitutes 
the Ray of Reflection with the Neighbouring Su- 
perficie of the Looking-glaſs or Speculum, as à e. d. 

22. From theſe Angles, is made the Saperficie of Re- 

percuſſion or of Reflection, which is determined by three 
Points (According to which, if they are not poſi- 
ted in the ſame right Line, neceſſarily it places the 
peculiar Planes, viz. from the Center of fight, to the 
point of the thing ſeen, and to the point of Reper- 
cuſſion or of Reflection a c e. 15 

23, 25 H 
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A 
Of ſome aſfections of Rays, and of Catoptric Angles. 
1. FF THe Reflection of Rays of Incidence is made on 
| the oppoſite Part. | 
For even as a Ball, ſtrongly caſt againft a Solid 
Wall, rebounds unto the oppoſite Coaſt or part, fo 
much the more as the force of caſting is greater: 
becauſe indeed the paſling further is denied to it, 
nor yet is all the moving force aboliſhed : So Rays 


gone forth from Lucid or Coloured bodies, and be- 
ing always apt to move and ſpread abroad, when 


by an objected Superficies they cannot proceed fur- 
ther; they are Reflected into Another part, and 
in this manner they Labour and endeavour to con- 
tinue their ſpreading abroad. © 4 

2. A Rayof Incidence at the Superficies, to whichit 
paſſes by Perpendicularly, or at right Angles, is Reflected 
into it ſelf”;, but falling Obliquely, tis Reflected, at an Ob- 
lique Angle. 

For ſince Reflection is made into the oppoſite part, and equal 
force Argues equal motion, the diſcovery or ſign of which is 
the equality of Angles; Therefore which way the force is mo- 
ved, or by what Angle the Ray is moved from the Point of Re- 
flection, in which the force is the ſame, it will moreover be 
moved, unleſ$it be hindred by paſſing from a Reflective Super- 
ficie, or from a Mirror or Speculum, *tis carricd by the ſame 
force and the ſame Angle with the Superficie of the Mirror or 
Speculum, to wit, being right, tis carried into the oppoſite part; 
which cannot be done, unleſs the Perpendicular Ray falling in at 
right Angles, be Reflected in it Self. 

3. AnOblique Ray falling on a Reflective Superficies; 
is alſo Refletted Obliquely, and makes the Angle of Inci- 
dence and of Reflection equal. 

The demonſtration is the ſame with the former : 


for let the point, a, Radiate obliquely on theRefleQtive 


Superficie de f. the Ray of Incidence will be ac: 


Unleſs therefore the Reflective Superficies d e /F re- 
ſiſt it, it will be moved further even to g, by con- 
ſtituting an Angle Fe g, equal to the Angle of 
Incidence 4 e d, but ſince it cannot proceed _ 
yon 


ha 
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jroceed beyond the Reflexive Superficie, it is Re- 
ected in the point of Reflection e, to the oppoſite 
dart c, in the Angle of Reflection cef, equal to the 
Ingle Feg, which is equal to the Angle of inci- 


olid Nence 4 ed. | | 
© ſo 4. Refleftions from thicker Superficies being poliſhed 
er: Aud made regular, are perceived rightly alone. . 
It, MW Thickneſs is required, leaſt che Rays penetrate; 
1 Ind poliſhing, or Smoothneſs and Regularity, that 


Reflexive body is, the ſame allo is the Refle:tion ; 


bis irregular and rough, deformed and confuſed: 
Bit from poliſhed and regular, the more genuine 
forms of things are wont to recoil or reflect. = 
5- Light and Colour Reflefted, art weaker, by Radia- 
ing directly. 3 | 1 
For being more removed from their Fountain, to 
mt, from a Lucid or Coloured bo dy; from whence; 
he farther Rays go forth, they are made the weakz 
r, which alſo helps weakneſs, if they fall in oblique 
7; for right motion alſo is ſtronger than oblique: 
6. Light Keflecteu, although it be weaker than the 
rit light, which flows from the Luminous body, yet it 
s ſtronger than the Second Light, which proceeds from 
bat Light by communication. „ 
Experience ſhews this, for if in ſome Chamber be- 
bg illuſtrated by a ſecond Light, a Looking-Glaſs 
e placed oppoſite to the Sun, that it caſt the Reflect= 
d Rays on the ſecond Light; it will appear moſt 
learly whether of the two is ſtronger. 
7. Tet Reflected Light by being cbllected, may bt 
ade ſtronger than incident Light. KEE 
For becauſe force united is always ſtronger than 
liſperſed, therefore alſo direct Rays but diſperſed, 
Fre of leſs Efficacy, than Reflected gathered toge- 
ber: Hence cis that from ſome Glaſſes placed to che 
1 2 Sun 


they may Reflect more evidently : For ſuch as the 


om Irregular and rough bodies, the Reffection al- 
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Sun, Fire kindles, if all the Reflected Rays be ga. 


thered into one point; which diſperſed Rays would i 
not do. LE | 
| AC H-A*P. HE Pp 
Of ſome affefiions of reflected Viſion it ſelf in general. 1. 
La > Ot the thing, but the Image of the thing, is ſee 
4 by the Reflection in the Glaſs or Speculum. Ni 
For the Eye cannot ſee it ſelf, becauſe to the Eye, . 


there 1s wanting, that whereby it ſhould ſee it ſelf: 
And the Eye which you behold in a Looking-glaß a 
is not thy Eye, but the Image of thy Eye ſhining 
from the Glaſs. | 
2. Yet not always the gennine Image, but oft entime th 
light only confuſed, or fading Colour appears. th 
To wit, when in Reflection, there is ſome rough 72 
neſs and inequality of parts, as in a Wall Illuſtrated 
by the Sun, which doth not reverberate the Imaz © 
of the Sun, but only Reflects Light into all pati T 


of ſome obſcure Chamber. 1 ar 
3. The Images of things are diſcern'd in Glaſſes ſe 
Spec ulums, not by ſome Impreſſion, even as the Seal 
Wax, and a blot impreſt on Paper: but in the ſame Pla th 
manner whereby other things incur to the Eyes; but thi 4 
or 


here they appear without the place, and the Flux of Sit 
cies, reſtrain'd by the Glaſs is reverberated to the Hi he 
For 1. Speculums made of Iron, Steel, or Adu Te 
mantine, alſo ſhew the Image from themſelves by - 1y 


Reflection, which by Reaſon of hardneſs admit. an 
no Impreſlion. | . vi. 
2. If ſuch Image ſhould be impreſſed on the GH D. 


or Speculum, it would be Reflected and diſcern di 
at one certain place, but every where, neither woul co 
the place of the Image be varied according to th loc 
variated Site of the Eye, which nevertheleſs is don 
as ſhall be Demonſtrated by and by. ; 
3. Neither laſtly, can the Images of great thing 


ral, 


5 ſeen 


Eye, 
ſelf: 
laſs, 
ining 


tim 


ugh 
rated 
mart 
part 


ſes 0 
zeal df 
Pla 
t tha 
f Spe 
He 
Ada 
5 bj 
nit 0 


Glat 
q,n0 
7oul 
0 thi 
Jone 


ling 


Chap. III. Of C ATOPTRICS. 707 


as of Mountains, and of Buildings, be comprehended 
in a {mall Glaſs or Speculum. „ 

4. Either from the moving of him that be holds, or 
from the moving of the Object it ſelf that is beheld, the 
Image alſo is moved, or rather the place of the Image in 
the Glaſs, although it ſelf ret. 

For the Superficies of. Reverberating, or of Re- 
gection is one, in which alſo the Center of Sight, and 
the Point of the thing ſeen, and the Point of RefleQ1- 
on are together; of which, from one being changed, 
all Viſion muſt needs be taken away or changed. 

F. Many Men beholding the ſame thing together in 
the ſame Glaſs or Speculum; they behold it ſited, not in 
the ſame, but in divers places; and there will appear in 
the Glaſs, fo many Images as there are Eyes looking on, but 
to each Eye, not above one. | 

For from one viſible Point to one Point of Reflecti- 
on in one Eye, there can belong but only one Ray: 
Therefore to another Eye there belongs another Ray, 


and another reflected Point, and conſequently alſo it 


ſees another Place of the Image, and another Image. 


6. Win the Glaſs or Speculum, reſembles the 


thing, ai to the Aatter and Turm. 
For if Matter, for Example, Glaſs, be Coloured 
or but a little Tinged, the Face alſo of him that be- 


holds, will appear Tinged with the ſame: So if by 


reaſon of the Form, the Looking- glaſs be not exact- 


ly Plane, but makes a blunt Angle, or leaves off in 
an obtuſe. Boſs or Knob, the Face will be beheld, di- 
vided through the middle, either as an Aſſes or a 
a 1 Face, or deformed with a Swines Snout. 


ence alſo it comes to paſs, that right Lines ia 


convex Mirrors or Glaſſes, appear crooked ; ſo if you 


look on a ſtrait and poliſhed Sword, the Face will 
ſeem an Oblong, according to the manner of the 


Poliſhing of it. 4 
22 4 Which 


— . — 
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Which reaſon of Poliſhing, alſo helpeth or aba- 


teth much to the Image: For to what difference of 


Poſition, the Pores are ſmoothed or Poliſhed, 'tis 
neceſſary alſo that the Images ſhould be formed ac- 
cording to that difference: From whence, Mirrors 
or Speculums are wont to be Poliſfd circularly, 


accordingly to which manner, fewer Deformities ap- 


pear : But in the general, the more like in Site and 
Figure, the Viſi ble or Thing ſeen, and the Mirror or 
Speculum is, the trrer the Image will be. 

7. Often times we behold the differences of place,turned 


ripfide own, | 
The right Hand appears the Left ; and that which 


is the right Hand part of the Members to us, ſeems 
in Mirrors or Speculums the Left: If you placea 


Mirror, or Looking-glaſs;- or Speculum, oppoſit to 


à Book, you will ſee 1n it; the Letters not only In- 


verted, but after the manner of the Hebrews to be 
read from the right Hand towards the Left; ſo alſo, 
upwards appears downwards, as we ſee Buildings 
in running Waters: But firſt of all, concave Mirrors 
or Speculums deceive very much here, in which the 
Vilible is ſometimes turned, ſometimes inverted; 
except when the Image of one Mirror, be reflected 


into another Mirror or Speculum, and ſo again in- 
verted; for then we behold truly the Image of the 


8. An whole Mirror or Speculum ſhews one Image, ex- 
rept cencaves and uneven ones: But a broken Mirror Mul- 
tiplies the Species, if the parts of it lye not direct or ſtrait. 

For although in any Mirror or Speculum, many Rays ma) 
light upon it from the objected viſible Thing, yet not all of ther 
will be Reflected to the Lye, but another way: And therefore 


from one reflected Ray, but one only is ſeen : ret concave Min. 


7crs are hence excepted, in which, the ſame Viſible, may have 


many Images; and Uneven or rough ones are alſo excepted, which 


not always ſhew the Image, but lometimes the Light only, 0: 
a confuſed Colour. a ; 
Int if the Mirror or Speculum be brol- in Pieces, and oy 


is 


Il. NCiap. III. Of CATOPTRICS. 729 
' Wiz not direct or ſtraight, but ſo, that all are Perpendicnlarly op- 
aba- oled to a middlePoint,radiating between theE ye, and the thing 
eof Minthe Glaſs or Mirror; Then the Eye will ſze all the Images of 
one Viſible,in ſeveral broken Pieces; and by one Perſon looking 


25 
05 on theſe Pieces, ſeveral People will ſeem; for the Angles of 
| ac. geflection and of Incidence, in this manner will be made equal 

rors ¶ end meet in the Eye: But if theſe broken Pieces of the Look- 
rly, WW inz-Glaſs be ſited directly or ſtraiglit, then the Viſible or thing 

ap- ben, will appear in one Image only, the other Images will re- 
and feet towards another place. 


9. Images are ſeen to flick or adhere, not in the Si- 
perficies of the oppoſit 2 or Speculum, but 10 ſome In- 
nd M1114! behind them. + 

This is manifeſt. to all- Men that behold a Mir- 
ror Or Looking-glaſs (COU For the farther” 
16 out-fide , the far- 


Superficie of the Glaſs on the in- ſide: And even as 
we depart from the Glaſs,or draw nearer to it, the 
Image alſo it ſelf, will ſeem to depart into the Gulf 
or depth of the Glaſs or Mirror, or to draw near 
from the inner depth to the outer Superficie : The 
Cauſe of this, Th. Campanella aſſignes thus; That 
not only our Viſage, but the ſpace of Air alſo, pla- 
ced between us and the Mirror, and other things 
near, ſtanding round about, Shine again into the 
Mirror, which alſo in the Glaſs ſhew ſome Imagi- 
nation of diſtance : But the true and optic Cauſe 
of the Place of the Image, may be gather'd from 
the following Theorem. | | I 
10. For the Images of things refleted from the Glaſs 
to the Eye, are ſeen in the concourſe or meeting of the 
25 Perpendicular of Incidence, and of continued Reflection, 
nl Fg. 212 and 213. „ 
le In this Scheam let the Mirror or Looking - glaß be fe 4; The 
„thing appearing; in the Mirror c, reflected from the Point e, to 
e the Eye 2: And from the Point e, drawing the Line ef, which 
let be perpendicular to the Superficie of the Mirror or Glals; 
Then continue the reflected Radius 2 e unto this Perpendicular, 
n the concourſe or meeting of which, to wit, in the Point g, the 
2 image of the Viſible thing e will be diſcerned, Zz 3 The 
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The reaſonſis the ſame in hollow Mirrors, as in Fig. 214, for 
where the Perpendicular of Incidence bd, and the continuati- 
on of the RefieQion e z, meet in c, without the Superficie of 
the Mirror or Speculum, there the Image will appear as it were 
hanging in the free Air: And this is the reaſon of it: 1, Be- 
cauſe the Eye, although it perceive the Reflected Rays, yet the 
Reflection from it ſelf, which is made in the Point e, it compre- 
hends not at all: 2, And becauſe at another time, concerning 
the coaſt whence the Viſible arrives, he Judges from the direc- 
tion of the Eye to the viſible or thing ſeen, according to the 
Ray which falls into the Eyes: Therefore alſo in the Reflection 
of the Coaſt or part of the Image, he judges from the refled. 
ed Ray, not ſubſiſting in the Point of Reflection e, but in 
Planes going forth further than the Mirrors, even to the ſame 
Perpendicular he Ad, which from the Viſible (which there is e, 
but here ö,) fails in on the reflecting Superficies, and Termi- 
nates the reflected Superficies. pt: 


Of the Properties of Viſion; Refleted from Mirrors or 


Speculums in Particular. 
J. F Natural Mirrors or Speculums. 
| 1. 1n cloſe and thick Air, one may ſee the L 
mage of himſelf. wn 
That is wont to be done ſometimes in Evening 
and Morning Twilights, eſpecially by thofe whoſe 
Sight is dull or thick: Even as Ariſtotle writes of 
Antipheron, Book 3 of Meteors, that he ſaw his l- 
mage always reflected from the air. 
2. Thoſe that Inhabit in Higher Places may ſee the 
Image of the Sun beneath them. 1 
I0o wit, if Vallies are filled with thick Clouds, 


Di I So 


they who inhabit in an higher Mountain, may ſee the 
Image of the Sun reflected from a Cloud. | 
3. Inthe Eye of another, one may ſee theImage of himſelf. 
For. ſuch little Images are not thoſe Images from 
which Viſion is made in the Eye, much leſs any 
thing ſticking in the Eye, as the Vulgar think: 
And old Women, in the troubled Eyes of whom 
theſe kind of little Images appear not, from _ 
. o : 71" v9 
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risd Judgment, they are accounted for Preſaging ; 
But they are the Images of the Man ſtanding before 
the Eyes of the other, which are depicted in his 
Eyes, as it were in a Mirror or Looking-glaſs. 
II. Of Artificial Mirrors or Looking-elaſſes. 
4. Natural Mirrors or Speculums, are the Original of 
Artificial ones. | 5 3 
For unleſs Nature had given Men ſome hints be- 
fore, and taught them that Plainneſs or Slickneſs, 
and Umbrage or Shadowy, are neceſſary to Mirrors 
or Speculums, perchance Man had not arrived at 
the art of making of Mirrors or Looking-glaſles. 
Ill, Of Plane Mirrors or Looking-elaſſes, otherwiſe 
called Speculums. 
5. In whole Plane Mirrors, one Image only af gears. 
Indeed, one Point of a Viſible falls in by many 
, i Rays on the whole Glaſs, all which alſo, according 
| tothe manner of Incidence, are reflected to the op- 
polit Part: But becauſe not but one Ray alone is 
L. reflected to the ſame Point of the Eye, becauſe 
from one Point to one Point, but one right Line 
only can be drawn; And that which is the reaſon 
ſe of one Point, is the ſame allo of all the reſt : Hence 
of FF it comes to paſs alſo, that the whole Viſible reflects 
only one Image to the Eye. 
| 6. The continuation of Reflection at the Image, is e- 
qual to the Ray of Incidence.” 5 | 
For the Point c falls on the Mirror fed, by the 
Ray of Incidence ce, which is reflected into the 
Eye a: If this Ray of Reflection be continued, this 
continuation eg will be equal to the Ray of Inci- 
, | dence ce. For becauſe in the Rectangled Triangles 
cefand ge,, the two ſides cf and fo are equal, and the 
ſide fe common to both; Therefore by Elem 1 Prop. 
4. of Euclide, the baſe eg, the continuation of reflecti- 
on, will be equal to the Baſe ce the Ray of Incidence. 
7. Hence in plane Mirrors, the diſtance and the true 


Image, is alſo equal te the Viſible, Z7 4 For 
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For becauſe Triangles from Rays of Incidence and Ito t. 
of Reflection continued, likewiſe being made Perpen-· Neeſſ: 
dicular, are equal: The Image alſo and the Viſible 1 
will be equal, as well in Reaſon of Quantity as of Dj. Wl; « 
ſtance; Therefore the lmage in plane Mirrors is truer N win 
than in Gibbous, in which this equality hath no place. 1 
8. A Plane Mirror or Looking-glaſs,being Illuminated Ml An: 
from ſome Lucid thing, reflect the ſame Rays, which the for 
fame Lucid caſts forth at the ſame Site (in reſpect of the I the 
Glaſs) through the Glafs it ſelf, as if it were an hole. com 
As if in the aforeſaid plane Scheam; the Lucid the 
2, ſhould fall on the Mirror 4e, it would reflet on 1 
the Wall cfg, the ſame Rays at c, which it would for 
caſt forth on the oppoſit part at g, if the Mirror WM 1: 
were perforated,or a hole made through in e. P 
Hence, by a Mirror or Speculum placed Levelto Ml Chi 
the Horizon, the Altitude of the Sun may be alike ta- ¶ eac 
ken by reflected Rays, as by Rays of Incidence; And per 
ſo the Angle of Reflection would be found by Expe- N 200 
rience to be always equal to the Angle of Incidence. ſee: 
9. The ſame thing may be ſeen in many Mirrors ar An 
Speculums,by onc only and at once; and alſo if ſomethins I ny 
be placed behind one, or in remote Places, whereby a d- hay 
rect admittance appears not to the Sight. os Ce 
That is done, if plane Mirrors or Speculums be ſo ter 
placed, that the reflected Ray reach not to the Sight, 
put be received from another Mirror, which deli- por 
vers it again to the other, until by many intricate 
Pallages, the laſt at length is offer'd to the Eye. 5 
10. Alſo one and the ſame thing, may be ſeen mani« the 
fold and often times in many Mirrors, | 
For even as a broken Mirror multiplies ſpecies as the 
aforeſaid ; ſo the ſame alſo,augmented or multiplied I anc 
Mitrors perform, yet not in a direct Site: For then,, 
by reaſon of the diſtinct Superficies of Mirrors, al- the 
ſo diſtinct Perpendiculars of Incidence are made, the 
2s well of divers Rays of Incidence, as of Reflection ¶ are 
A | 2 to 
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to the Sight, to the number of which, tis alſo ne- 
ceſſary to multiply or increaſe the Images. 

11. Two Ane or Speculums may be ſo placed, that 
in one you may fee the Image coming to, and in the other, 
going a Way. 

That may be done if you joyn them at a right 
Angle, and the Eye fix'd over againſt the Angle : 
for the thing being moved from one extream of 
the ſide to the other, it will ſeem in one Mirror to 
come to the Angle, and in the other to 80 from 
the ſame. 

12. In many Mirrors or Species placed rogerber; j 
from one Leaping or Dancing, you may behold a Ball of 
many Leaping or Dancing rogether. 

For if, of an Arch of a Circle, the Subtenſe 
Chords be divided into aliquot Parts, and upon 
each one of them, a Mirror or Looking-glaſs be 
Perpendicularly erected ; whatſoever a Spectator 
ateth, being conſtituted in the Center, that will 
ſeem there, ſo many times as there are Mirrors : 
And if he Dance, In thoſe Mirrors he will ſee ma- 
ny Dancing together, and each Mirror will 
have an uniform aſpect to the Sight exiſting in the 
Center: And ſo alſo one Candle placed in the Cen- 
ter, will ſnew ſo many Candles as there are Mirrors. 
13. The Site of the Eye of him that veholds, 2 Ke 
* to the Site of the viſible thing. = v1 

In the former plane Scheam. b 

As the Radius ea, to the Eye 4, reflected from 
the Point e to its Perpendicular ad, or the Staturs 
of the Spectator from the Eye to the feet: So 18 
the Ray of Incidence ce, to its n cf, 
and in like manner, _ 

Again, as thediſtanceed, to the Altitude ad: so is 
the diſtancee f, to the Altitudec Hand the contrary: For 
the Angles of Incidence and of reflection ce Fand 2e d 
are equal: And on both parts is one right Angle cf þ 
oe 
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and a de, and therefore both the remaining Angle 
alſo, ae and fe ewill be equal to each other, and there. 
fore they have proportional ſides reciprocally. 

From the Foundation of this Propoſition we may 


meaſure the Altitudes and Diſtances of things by 


Mirrors or Speculums as is ſaid before in Geometry, 
IV. Of Convex Speculums or Looking-glaſſes. 

14. In theſe, the diſtance, and the Image of the Vi. 
fible, falling obliquely, are always leſs than JuZt. 

That is, As the Image it ſelf appears leſs than 
the viſible thing it ſelf is; fo alſo the diſtance of 
the Image from the Superficie of the Mirror, is les 
than the true diſtance of the viſible thing from the 
ſame Superficie: The reaſon is, becauſe the Lines 
of [ncideiice terminating the ſame Image, meet aud 
are made ſharp in the Center of the Speculum. 

But if the thing to be beheld, be Sited directly a- 
gainſt the Convex, and the Eye ſtand in the ſame 
Line, then the place of the Image is ſo far diſtant from 
the Superficie, as the thing to be beheld, is it ſelf. 

15. By how much leſs, the Globe of a Convex Mirror 
z, by ſo much the leſs alſo, are as well the diſtance, as tht 
Image; And they will be made ſo much the greater, 4 

you come nearer to the Vi fable. | | | 

For by how much leſs,the Circle of Convexity of 
the Mirror is, by ſo much alſo the place of the 
Image, is nigher to the Center in which the Perpet- 
diculars meet, and by conſequence alſo the leſs: 
And the nearer the Viſible comes to the Mirror, the 
greater it conſtitutes the Angle at the Center, and 
therefore it will be ſeen greater. EET 

V. Of Concave Mirrors or Speculums. 
16. The Eye exiſting in the Center of the Concave 


 Hirror, ſees it ſelf only: Within and without the Peri- 


phery it ſeems no where. _—- 
For becauſe all the Rays fall Perpendicularly from 
the Center on the Concave Superficie, and there- 


fore! 
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ſore are reflected into themſelves, and again meet 
in the Center: The Eye therefore conſtituted in the 
center diſcerns nothing beſides it ſelf: But in the 
Circumference or without it, the Eye being conſti- 
tited, which way ſoever it Radiates, yet the Rays 
will reflect another way, and you cannot behold the 
Image of it: From whence alſo it follows, that the 
Inage of no one thing exiſting in the Center, can 

be ſeen by the Eye exiſting elſewhere. 
17. If the Eyes be ſo conſtituted in the Diameter of a 
concave Mirror, that both be equally diſt ant from the Cen- 
ter, neither will diſcern it ſelf,but one will behold the other. 

Fig. 215. In the concave Mirror a, diſtant in 
the Diameter deb, of the Eyes i and F equally from 
Center e The Eye i will Radiate in 2, which will 
reflect into the Eye F. And again, if the Eye f ra- 
diate in a, the Ray of it will be reflected into i, and 
therefore neither Eye will ſee it ſelf, but the Eye i, 
will behold the Eye f, and the Eye f the Eye i. 
18. A concave Mirror, ſhoots or darts out the Images 
without it ſelf, eſpecially Lucid ones, ſo that they ſtick as 
it were hanging in the Air, : 

Thereaſon 1s, becauſe the place of the Image, is 
In the meeting of the Perpendicular of Incidence, 
and of the continuity of Reflection, which meeting, 
in Concaves, is made in the Air without the Mir- 
ror, as is alſo ſhewn before in Fig. 214. at page 710. 

Let b be the Light ſhining on the concave Mirror 
or Speculum ed, and lete be the Point of Reflection 
of the Ray be into the Eye a, and the Perpendicular 
of Incidence will be head, cutting the Ray of Re- 
flection e a in the Point c There then Will be the 
Image of Light, and the Medium Air will be thought 
to ſnine: And obſerve; that by how much you are 
ngher to the Center of the Mirror, ſo much the 
Image appears greater, being ſeparated quite from 


the Glaſs or Mirror, that it ſeems to be touched by 


the 


716 Of CATOPFRICS. Part Il. 


the Hands: And if in the place of the Image c, you 
apply a Paper or other Solid, all things will appear 
more evident: But if in the Place b, you place Snow 
or Fire, the Eye being placed in the Point c, it wil 
alſo ſenſibly perceive the cold of the Snow or Heat 
of the Fire, which are reflected together with the 
Ray of rhe Viſible. | „ 

16. A concave Mirror or Speculum expoſed to the 
Sun, hurneth; in the whole Axis indeed, but most ſtrong) 
in the Center, See Fig. 216. | 

Suppoſe ſome Rays to proceed from the Center of 
the Sun, through the whole circular Superficie of 
the concave Mirror, and to make with the Axis e. 
very whereltke Angles on the Superficie of the Mir. 
ror, which being Reflected, will meet in a certain 
Point, and by reaſon the force of Heat is united, it 
will burn there; yet more weakiy, becauſe in one 
Point, none but the Ray of one Periphery meets: And 
the greater and larger the Circumference is, or the 
more incident Rays it receives, the ſtronger likewiſe 
is the burning, and this is made according to the Axis. 
But the central burning is thus proved : let the 
concave Mirrour be DE FG H, and the Sun A BC, 
Radiating on it by the Center of the Mirror, by 


the Rays AIG, BIF, CIE; I ſay that all theſe . 


Rays, intercepted between the points E G, meet 
in the Center I: For becauſe they are all Per- 
pendiculars, therefore they are reflected into them- 
ſelves, and interſe& one another anew, in the 
middle Point of the Glaſs or Mirror I: If there 
be placed or applyed combuſtible Matter, as Gun- 
powder, for Sulphur, it will be kindled Immedi- 
atly from the Heat of the Sun: But becauſe thc 
Portion of the Mirror EG is very ſmall, nor there- 
fore capable to receive many Rays, and all the rel 
of the fallen ſolar Rays, meet indeed elſewhere in the 


Axis, but without the Center, beyond and on thy 
| dc 
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ide it, therefore the operation of hollow. W505 
z more weak and Langui ec. 
| VI. Of Irregular Mirrors. 

Irregular Mirrors are arious ſome more ſimple 
as the Cylindrical, Conical, Elliptical, Hyperbolical, 
parabolical, &c. Or compounded from Regulars, 
or altogether out of order and rough, and all theſe 
poliſb'd either within or without. 

And what a Cylinder and a Cone is, is ſaid before 
in Geometry: The Hyperbola, Parabola, and Ell 'pſis, 
are Lines or Figures, mixt from cr ooked and right 
Lines, participating of right and crooked :, The Pa- 
rabola from equal or alike, the Hyperbolaæ from more 
of Rectitude, The Ellipſis from more of Crookedaeſs. 

20.. A Parabolic Mirror or Speculum burns 1:0 Vee 
hemently. 


We Forall theRays falling from theSun ,of bh there 
the! 2" infinite, being Reflected, are here united ; when 
vie ina Concave, only ſome are gather d into ane Point: : 
* And by ſuch a Mirror we read that Archimedes and 
the Prorlus in old time, burnt the Gallies of their Enemies. 
„2. Compounded Mirrors or Sperulums, burn indeed 
by 4% but faintly. 

ee is impoſſible to burn ſomewhat, by a ſimple 
* plane, or by a Convex one; becauſe the Rays are 
cr. ſtretehed out divers ways, neither do they ever 
— meet: Vet if many, eicher Plane, or Convex, or Con- 
the dare, be ſo aptly canjoined;enat to each com pounded, 

ere a circle may be circumſc ribed, it mu:t needs be, that 
4 the Rays of the Sun, reffected from all the Superſi- 
a cles, being gather * into one Point, vi. the Center, 
The it will there kindle. 

oh 22. Irregular Mirrors or Speculums, FTE the Aſfecti- 


et ons of Regular, as much as may be. 

So the Cylindric, outwardly according to the 
Length imitates a Plane, according to its breadth, it 
de Imitates a Convex pr, becauſe *tis compounded 
of both. | | * And 
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23. And they always yield monſtrous Images. 


For Images are made like to the Mirrors, and 
therefore Irregular Mirrors, cannot reflect Regulat 


and genuine Images. 


24. In general, we have very little certainty of reflex 


Vi ſion, but are almoFt conſtantly miſtaken about it. 
For not the Vilible it ſelf, but only the Image o 


it is ſeen, yea oft times, not the Image indeed, but 
only ſome confuſion of Colour: And if the Image it 
ſelf appears, yet it may be changed by the reaſon of 
Colour, as well as by the reaſon of Figure, and moſt 
of all by the Matter and Form of the Mirror: Laſt. 
Iy, neither is any thing ſeen in its Place, but all in 


another Place. n 121152 
* From whence the optic Image, in as much alſo as 
*tis moſt intire, they call reflected from the Mirror, 
when things themſelves are beheld indeed by their 
Colours, and Figures by their Parts, but by another 
Site, arrayed in any place, and by alien Quantities, 
and by an unapt proportion of Parts of Figure: lu 
"ſhort, a reflected Image is the Viſion of any thing 
== with the Error of the Faculties agreeing to 
Sig t. | „ e AND 


Part III. Of OPTICS. 
Concerning Mg s0p TICS or DioPpTRICS. 
| : CG HAYS. 4 . 
Containing certain Definitions. | 
1. MA Efoprics or Dioptrics is, that which treats con- 
cerning refracted Viſion. 


2. Refracted Viſion is, when we diſcern ſomewhat 


by a refracted Medium. 3 

3. A Refrafted Medium is, either two divers Su- 
perficies, having divers thinneſs and thickneſs; ot 
one, affected in divers manners. Suach 


4 


_ 


— Jl 


a  * * 
— * 7 
= % 


= 
* 
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Such Mediums are Sky and Air; Air and Water 
Air and perſpicuous Glaſs,or Spettacles, or Tubes through 
which we ſee; alſo pure Air, Cloudy, &c. | 

4. A Dioperic Ray, is either of Incidence or of 
Refraftion, 

5. A Ray of Incidence, is that which falls from a 
vitble thing through one Medium, on the Super- 
fcies of divers Diaphanous things, Fig. 217. 

As bd, from the viſible b, falling on divers Diepha- 
nous Bodies fc d. 

6. A Ray of Refraction, is that according to ok 


it being 3 entred into a divers Medium, tis 
Refracte d. 


As d h, or dl - bens or ſwerving from the redtizgde 
of the line bd i. 

7. For Refraction, is the bowing of a Ray of In- 
cidence, to the conſtituting of an Angle. 

8. A Point of Refraction, is the common Term of 


theſe two Rays; asthe Point d. 


A Superficies refrafted, is the firſt extream of a 
following Diaphanous, as cd m. 

9. A Perpendicular of Incidence, is that which i is 
drawn from the Point of the thing ſeen, to and 
through the Superficies of divers Mediums ar right 
Angles. 

Such is bef in a plane Superficie : ; beg in 4 crooked. 
1:0 Perpendicular of Refraction, or of Ol quat.on, 
is that which paſſes through the Point of Reffattion 


at right Angles, as the Line «dg; 1 And * tis the rute | 


or 8 of Refraction. _ - 
| . Abt Angle of Incidence, is that which conſti- 
* in the Superficie of a diverſe Medium, a Ray 


of Incidence with the Perpendicular of Refraction; 
ſuch is the Angle bd a. 


12. A Kefracted Angle, is that which conſtitutes 
a Ray of Refraction, with the Perpendicular of 
Obliquation or bending aſide, in the 9 of a 
divers Medium, as the Angle g d h. £36 lt 
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13. An Angle of Refraction, is that, which in te 
fame Superficie of a divers Medium, conſtitutes ai 
Ray of Refraction with the Ray of Incidence, by 
continuing a right Line; as the Angle hdi. | 
14. Refraction at the Perpendicular, is then ſaid to 
to be, when the Ray of Refraction comes near u 
the Perpendicular of Refraction, as d. Or 
15. Refraction from the Perpendicular, when it gos 
away farther from the ſame than the continued Ray Me 
of Incidence, as 6d#1. 
16. Moreover Refraction is twofold, Simple and 
—_—- | 75 ETD 
17. Simple Refraction, is when nothing elſe hap: 
pens to the Rays beſides Refraction. ole 
18. Mixt Refraction, when the Rays are not only Mi: 
Refracted in a divers Mean, but are alſo Reflected, A 


} * 7 8 
14111 1 


r 
Of the Aﬀections of Simple Refraction. 
1. \ Perpendicular Ray paſſes alſo through a divers 


Medium unhurt from Refraction : But an ob- 
lique Ray is refracted in a divers Medium, and fo much 
the more, the obliquer it is. TE . 
Ihe reaſon is, becauſe a Ray falling Per pendicu- 
larly is ſtronger and leſs; but falling obliquely, is 
vr eaker and ſuffers greater violence from the Medium: 
And although a Perpendicular Ray is not refracted, 
yet tis more preſſed together in a thicker Medium; 
but in a thinner, it wanders about freely, and ſpreads 
it ſelf abroad. 
2. A Ray falling obliquely on a thicker Medium, is 
Refracted at the Perpendicular, the more for being thicker. 
As if the Medium fei m in Fig. 217. be appointed 
thicker than the Medium ch dA, the Refraction of 
the Ray bd, which is 4h, is made at the Perpendicu- 


lar dg. 
* 3. A 


t. III. 


in the 3. A Ray in a Thin Medium falling obliquely, is Re- 
utes A Niacted the more by the Perpendicular, the thinner it is. 


As if you ſuppoſe the Medium fei m to be thin- 
er than the Medium ch da; The refraction of the 
Ray bd, which is 40, is made in the Perpendicular 
dg Beyond the Ray of Incidence continued right 
orward, viz. bds. _— 

The reaſon of this diverſity is, becauſe the thicker 


e, by 


aid to 
ear to 


t goes 
Ray 
thinner, they have freer Paſſage, and may ſpread 
hemſelves abroad. | 

4. Hence alſo an oblique Ray falling in a thicker Me- 
dium, the refracted Angle g d h is the leſs, but the An- 
ole of Refraction h d i is made the greater, the thicker 


ald 


haps 


only e Medium is, and interchangeably, the leſs thick the 
ted, ¶ Medium is, the greater the refracted Angle is made, 


but the Angle of Refraction leſs. 
For there, the refracted Angle comes near to the 
Perpendicular, but departs further from the Ray 


from the Perpendicular, and comes nearer to the 


ders 
oh- Ray of Incidence continued. 
uch 5- But an oblique Ray falling in a thin Medium, 


makes both, as well the refracted Angle, as the Angle of 
cu- {Mfefraction the greater, by bow much thinner the Medium 
is , her the refracted Angle, almays exceeding the Angle 
1m: Me? Kefraction. | 
ed, For in this thinner Medium the Angle of Re- 
m; fraction is always part of the refracted Angle, and 
ids therefore leſs than the whole. 
6. In Refraction, the Viſible is not ſeen, but only the 
is nage of it: Nor always Genuine, but ſometimes very 
er, confuſed. | | 
ed For what's ſaid before concerning Reflections, 


of ¶ that alſo happens in Refractions. 
u- 7. A Refracted Image is ſeen in the meeting of the 


Perpendicular of Incidence, and of the Ray of Refracti- 


A Nj" continued, Fig. 218. Aaa Let 
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Medium, more reſiſts and preſſes the Rays: But in a 


of Incidence continued: But here, it departs further 


§m düeneͥe— ꝛẽ— — — — . —— 
— - 


— — — —— —— 
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made the refracted Ray e, which being continued 


Let the Viſible be a, falling from a thicker Me. 
dium ec la, on a Thinner Superficie bec, which in 
the Point e paſſes not directly to i, but is Refracte( 
from the Perpendicular of Refraction fel, and i; 


even to h, to wit, to the Perpendicular of Incidence 
ac d, it ſhews there the Image of it ſelf a, inh, 
without its place, in the meeting of the Perpendi 
cular of Incidence and of Refraction continued. 

8. Somewhat may be ſeen by fracted or broken Roi, 
which cannot be diſcern'd by direct. | 

So the Viſible a if it ſhould exiſt in the ſame mean 
with the Eye, and no refraction Intervene, it can- 
not be diſcerned directly on the Left-ſide, unlels 
from the Point:; But becauſe the Viſible a, is ina 
thicker Medium, and the Eye being ſuppoſed to 
conſiſt in a thinner, it may alſo be ſeen from &, not 
indeed the viſible it ſelf a, but its Image h, Re- 
fracted in a thicker Medium. 

Fig. 219. An Experiment of this we have in Mo- , 
ney caſt into clear Water : For if you depart from » 
it, even until you cannot ſee the Money in the bot- 
tom of the empty Veſſel being placed of an indit- 
ferent height, by reaſon of the ſides of the Veſſel 
lying between it and your Sight; Then that Veſſ*lMF % 
being filled up with clear Water, ſuddenly the l- „, 
mage of the Money will appear again, and inſinu- * | 
ate it ſelf to your Sight, without its true Place, no 
and greater than it is in it ſelf. | Pe: 

Fig. 167. So by reaſon of Vapours aſcending from th 
the Earth (which the Air next to us renders a lit the 


_ tle thicker and leſs Diaphanous than is the upper V 


Portion of it) the Sun and all the Stars nigh the sta 

Horizon appear to us not directly but refracted ' 1: 

And therefore are always beheld more Elevated than er 

indeed they are, and are beheld often times above 

che Horizon when as yet they lie hid — ws din 
| 5 1 ro 


t III. 
r Me. 


ich in 
acted 
and i; 
inued 


From which cauſe alſo e Hollanders Mintering in 
Nova Zembla, when they have wauted the preſence 
of the Sun ſome Months, yet 14 Days before the 
expected and juſt time of Apparition, they have 
beheld the Image of the Sun intirely, v:z. when 


dence 2s yet he lay hid beneath the Horizon according to 
in Aſtronomical Calculation five Degrees and more. 
end Alſo beſides from this the manner of the Suns 
d. ſooner riſing, and of the greater form of the Sun, as 
Raj if great plenty of Vapors, preſuppoling that Day to 
be reſolved into Rain, the Vulgar ſort are wont to 
na predict ſhowers of Rain, this Prognoſtication ſel- 
. dom failing, being confirmed by ule. 
: 


$104 
ed to 


L. dium, but the Sight in a thinner, the apparent Place is 
Re- always nearer to the Sight than the true: Then becauſe 


Mo- greater becauſe they are comprehenaed under a greater 
rom Angle : But thoſe things ſeen from a more remote place, 
bot- becauſe the Angle of Viſion is leſs, appear leſs; it comes 
idif. to paſs alſo, that thoſe things which are ſcen from a Fire 
eſſe! ner in a thicker Medium, ſeem greater + But thoſe things 
eſe] that are beheld from a thicker Medium in a thinner, ap- 
” | pear leſs. 

n For this reaſon, Stars ſeem from a troubled and 
ace, more thick Air, in a more thin and ſubtiie Sky, ap- 
: pear higher and leſs than jult : Yet nevertheleſs by 
ron that former reaſon, if as aforeſaid, there be abour 
ICY the Eaſtern or Weſtera Horizon great plenty ot thick 
Per Vapours, as is wont he; And we behold the Sun or 
the Stars Oriental or Occidental from a more pure and 
” 'Ff thinner Air, they will appear alſo nigher and grea- 
nau ter than juſt. 

5 o. Right Lines or things gen throng? a double Me- 
it: 


dium, ſeem broken, 


0 Aaa 2 | The 
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The cauſe is manifeſt from what's ſaid: And may 


be infer'd by Experience; for a Staff immerſed in 
Water, that part of it which is under the Water 
ſeems more Elevated, than that which is without 
the Water; From whence it receives the Form of 
broken or bowed. 

11. The meeting of broken Incid Rays, begets al 
Eire, and is Rindled from Combuſtibles. 

For the Virtue of every one is gather'd together 
and united, and made ſtronger and increas'd, that 
it may excite Fire in combuſtible Matter : If the 
convex Superficie of a Chryſtalline optic Glaſsre- 
ceive the Rays of the Sun, they are broke in this 
thicker Medium at the Perpendicular; afterwards 
going forth from the optic Glaſs into the Air, by a 
thinner Medium they are broken again, but more 
from the Perpendicular ; and fo being twice broken, 
they muſt needs by little and little come together 
in one Point, where being united, they kindle com- 
buſtible Matter. 


| GH. AP. I. 

Of the Accidents and Effects of Miæt Refraftion. 
Pt. Refractives are alſo Reflexive or turned 
ay b 


— 


I. 
back, by reaſon that Refraction and Reflection 
may be mixt. N 

Thus Pellucid Bodies, as Water, Glaſs, Chry- 
ſta], have alſo often times poliſhed Superficies, and 
therefore, together in part they break in Peices 
the falling in Rays, and in part they Reflect them: 
So the Tunicles of the Eyes are refractive Bodies, 
becauſe they break the received Rays of Viſibles: 
And all under one being Reflected, in which be- 
holding the Image of any thing as it were in a Glafs, 
it is Depainted and Reflected. 

2. Hence the ſame viſible may be beheld with a double 
Image, the one ſtronger by Reflection, the other weaker 
ty Reflection and Refraction together. 80 


Cane 
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So if the Sun Shining, there be placed upon any 
Veſſel, a Mirror or Looking-glaſs, and Water poured 
won it, there will be ſeen a double Image of tie 
sun, the firſt alſo the greater, which from the 
Reflexion of the Rays of the Sun will come 
down to the Eye: The other which ariſes with 
the Rays alſo, paſs through the Water to the Per- 
pendicular of the Refracted, and there Shining a- 
gain in the Mirror, are Reflected again from the 
ame ; from whence being entered into the Air, by 
anew Refraction from the Perpendicutarz they 
meet in the Eye, ſnew ing another Image of the Sun, 
but from that multiplied Obliquation, much wea- 
ker; Which other Image ſeems to ſome, (but amils,) 
to be a Star nigh the Sun. | 

3. From the Doctrine of Refraction, tize cauſe 1519 
bet, why Mpyopec, Viz. thoſe which ſee things near 
a Hand diſtinctly, but remote things confuſedly, fee 
more clearly by hetlow Spectacles and Presbytas, vi. thaſe 
which fee remote things diſtinctly, and nigh at hand con- 
ufedly, ſee more clearly by Convex Glaſſes or Spectacle: ; 
and ſome indeed by thoſe that are more hollow or more 
conver, and others by them that are leſs, according to 
the diverſity of their Eyes; fee Fig. 221. 

1. For Presbytas, accuſtom their Eyes to ſee re- 
mote things: Which if therefore they uſe convex 
Glaſſes, their Sight is changed by the Glaſs put be- 
tween; and 'tis thought as if it came from atar off: 
ror let the Eye of Presbytas be QRS, and the vi- 
idle thing near at hand I, to which one looks that 
cannot ſee Nigh at Hand, and uſing a convex 


Spectacle or Glaſs MNOP: Then the Rays of the 
Viſible thing L (beſides that in the Glaſs it ſelf be- 
ing thick, they are Refracted by degrees) going forth 
Irom the Glaſs, depart more from the Perpendicu- 
Jar, and make Q, Parallel to OQ and PS: Therefore, 
Ithe Eye being accuſtomed to a Parallel Vifion, be- 

| Aaa 3 holds 


— — 


— — —— 5 
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holds that thing more accuratly, becauſe he thinks 
the Rays as it were to come from afar, from IR, 
and knows not what Rays in the mean while hap. 
pen in the Heterogene Pellucid Medium between, 
2. On the contrary, the Fye of Ayops is dt. 
cuſtomed to ſee things nigh at Hand, which if there. 
fore it be uſed to a concave Glaſs, remote thing 
will ſeem nigh unto it, for the Points A, B, Rad- 
ate afar off, as it were by Parallel Lines AD aul 
BC, which (beſides that in an hollow Glaſs they 
are a little Refracted at the Perpendicular) with- 
out the Glaſs between it and the Eye they go ai“ 
more from the Perpendicular, and they will be . 
DF and EH; the Eye therefore becauſe it thinks of 
the Image to come forth from the nearer Point C, 
therefore it ſees remote things more diſtinctly. 


And hence alſo the cauſe appears, wherefore al ©* 
things appear greater through convex Glaſſes, and ** 
leſs through hollow ones; to wit, becauſe the vilive * 
Rays through theſe bow together, but through ©© 
thoſe they part aſunder. . 

4. Aultangled Glaſſes (invented not of neceſſity but 4 
for the ſake of pleaſure) ſhew ſo many Images of ont - 


thing, as it conſiſts of Superficies. 

For from cach oblique Superficies, in which eve- 
ry viſible Radiates equally, every one makes Re- 
fractions, and ſo the viſible Species or Form ſeveral 
times multiplied penetrates to the Eye. 

5. From this mixture of Reflexion and Refraction, 
many cauſes may be given of Meteors, to wit, of Solar 
amd Lunar Rainbows, of Gulfs, of two or three Sun: a. 
pcaring at once, of Circles about the Sun, Moon l 
Stars; of Colours, of Clouds and of Twilights. 

I. Concerning the Rainbow. 
Mie have a noble Example, as well of Reflexion : 
as of Refraction of Rays of Solar Light, in the * 
Rainbom that moſt fair heavenly Arch, m_—_— by 
33 * A . at! 
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thinkWath placed as a Symbol of his grace againſt our Eyes, 


moſt pleaſant Spectacle,to know the cauſeof which 
ind the manner of its Generation is worthour while. 

1. The material Cauſe, in which *tis Generated, is 
Clonds, not thick nor continued, but like as of melting 


n IK, 
e hap- 
een. 


Is ac: Hate, 9 
there y Vapor, and looſed into innumerable mot ſmall. 
hing drops; beyond which is ſome Umbrage or Shadyneſs, ha- 
Rad 1177 the reaſon of Lead or Quick-ſulver on the back-ſide 
Da Looſing-glaſſes, to wit, that the Images may appear 
; they the more expreſly. | 


2, The Efficient cauſe are tht Solar Rays, ſpread by 


"7 pure Air to that oppoſit dewy Cloud. 


1 3. The formal Cauſe is as well the manifold Refraction 
hinkelM if the Solar Rays in that demy Cloud, as the Refiexion to 
iat Ce Eyes of Spectators. | | 

For a Rawbow is not Generated, but of ſome 


tranſparent and diaphanous Matter, (ſuch is that 


rea naltitude of ſmall Drops) placed over againſt the 


. Sun, which indeed receives the Rays but yet hin- 
ough ders them to Penetrate ſtraight on: Whence 'tis 

neceſſary firſt that the Refraction-of Rays be made, 
n] becauſe the Light is carried through athinner mean: 


f one And the Reflexion alſo is made together, becauſe 
carried into a thicker Medium or Mean. 
eve. And this Reflexion is made from infinite conti- 
Re. guous little drops of dewy Clouds, which although 
era they are infinite, yet becauſe they Co-here contigu- 
ouſly, neither have they ſenſible Seperation from one 
tim *nother, therefore they are eſteemed as it were for 
cola one continued Glaſs. 
. Nor alto not only once, but ſeveral times in each, 
„ ao the Ray falling firſt into the ſmall Drops is Re- 
tracted and Reflected, from which it goes out and 
extends to the Sight; And ſo not only from the 
xion Collection and Aggregation of fracted Rays, plenty 
the of Light is increaſed in the deep Superficie of the 
G Vapor, that it may be extended more ſtrongly to 
gat the Sight; But alſo the Reflexion it ſelf increaſes 
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and ſtrains it, therefore, becauſe from Reflexion, the 
Ray is made of more efficacy and force than it was 
before : See Fig. 222. 

For in this Figure, let the little round Drops of 
Water be ABCDEFGH, becauſe Water or a ho- 
mogene Body, is Imbodied into the Figure of its 


Element; let ſome Ray fall on LH, it being Re. 


flected from two Places,it will return to the Eye M, 


to wit, from the convex Superficie H unrefracted, 


and from the hollow Superficie of the little Drops, 
vet firſt ſomething changed, and in the ambit of the 
{mall Drops ſeveral times reflected, to wit, from H 
in E, from thence to the like Angles in B, after- 
wards in G, hence into D; from D into A, thence 
into F, again into C; from C at laſt through B, tis 
brought to the Sight M, by a repeated Reflection 
eight times Circlewiſe. 

The Caſe is the ſame of the Ray K A, which go- 
ing forth from G into the Eye M, agrees with the 
former, and is accounted altogether parallel to it, 
by reaſon of the littleneſs of the ſmall Drops, and 
the unproportionate Ciſtance of the Eye. 

4. The Figure of a Rainbow is Circular. 

Indeed the whole Superficies of the dewy Vapor 
being expos'd to the Sun, is Irradiated or Lightned 
becauſe from every Point in which the direct Rays of 
the Sun fall, Reflexion is made; yet from irradiated 
Vapor than no more 1s beheld, than the Form of an 
Arch: For the Eye percieves not the Form of any 
thing, unleſs it conſiſts in the Point of the Axis of 
Illumination, to which the Rays falling into the 
Vapours at equal Angles, are Reflected: By which 
Reflection, according to equal Angles they Form a 
Pyramid of Reflexion, the Baſe of which is circum- 
ſcribed by an Arch; and only exhibits the Form of 
an Arch to the Eye, which is called a Ra:zbow - In 
which always two Pyramids are conſtituted, or 

. 
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of Illumination, the other of Reflexion and Viſion: 
the Pyramid of Illumination hath its Vertex in the 
Center of the Luminous Body of the Sun : From 
which the Rays go forth, to the Superficie of the 
Cloud, ſome of which fall in obliquely, but one 
Perpendicularly at right Angles, which is the Axis 
of the Pyramid of Illumination, to a certain Point of 
which, the Rays falling in obliquely,at equal Angles, 
are Reflected, and conſtitute the Pyramid of Re- 
fexion, whoſe Baſe alſo, is in the Superficie of the 
Cloud, but the Vertex is in the Eye, and the Axis 
common to both. 

Therefore, for as much as *tis demonſtrated by Ma- 
thematicians, and approved alſo by Senſe, if from 
one Point, into divers Parts, right Lines aredrawn 
forth, the Line which Joins the extreams of theſe, 
is the Periphery of a Circle, alſo the Points of Re- 
flection, joining the Line in the Superficie of the 
Cloud, muſt needs be a Circle. | 
From whence alſo follows, that which Litellius, 
Demonſtrates at Propoſition 64 of his 10th Book, many 
ways, that neceſſarily the Eye is in one right Line, 
between the Center of the Sun, and the Center of the 
Rainbow; ſo that the Center of three Bodies, to 
wit, of Light, of Vapor, and of Sight, conſiſt in 
one right Line. 

And that we ſee not a whole Circle formed, that 


happens not from a Fault of the Rainbow, but of 


the Eye, and the Impediments of objects, Which 


hide the deſired part of the Circumference of the 


Rainbow from us. 
Indeed from the Sun occupying or beginning to 


approach the Horizon, we ſee Preciſely a Semicir- 


cle Rainbow, for then the greateſt height of it 
(which from the Hypotheſis is the Semidiameter) 
is obſerved to be 45 % which conſtitutes half a right 
Angle, by which all the Rays are equally Reflected 

| | EO to 
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to the Eye: And by how much the Sun is Elevated 
above the Horizon, ſo much the Center of the Ruin. 
bow is depreſſed beneath the Horizon, ſo that by 
the. Sun, no natural Rainbow can be diſcerned high- 
er than 45: But if the Eye could be Elevated above 
the Senſible Horizon in ſome Mountain, ſo far off, 
that he may look 45 downwards into a valley 
where are Clouds full of Dew, then he would be. 
hold not a mangled, but the whole and intire Rain- 
bow of a pertect Circle, that which alſo appears 
to be true to the Eye 1n Artificial Rainbows; to 
wit, if ina dark Chamber, in which neverthelck 
throu gh the Window by ſome opening, the Rays of 
the Sun may enter, then plenty of fair Water being 
drawn into ones Month and thrown out Drop by 
Drop into the contrary coaſt of the Sun, for ſo you 
will ſee ſome Image of a Rainbow, not arched or 
mangled only, ſuch as Nature is wont to ſhew to 
us, but intirely round, oronly that part of it man- 
gled or cut off, which paſſes through the Shadow 
of thy Body. 
F. And a Rainbow is multiplied according to the mud. 
titude of Eyes. 

For if From a Rainbow appearing, ſeveral thou- 
ſands of Men ſhould be Spectators, yet they would 
every one behold one, and every one peculiar; even as 
alſo happens in all Glaſſes, that beholding them from 
a divers Place, they diſcern the Image ſited in a di- 
vers manner ; or even as one Word according to 
the multitude of the Heavens is rmultiplied with- 
out diminiſhing it: That which any one may gather 
from, what we have ſaid, that the Center of the 
Sun, of the Rainbow and of the E ye conſiſt in one 
right Line; therefore how many Eyes, ſo many 
Lines, ſo many divers Rainbows; yet with this 
difference. 
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only of differences, right on from the Vapor to- 
wards the Sun, thoſe which are farther diſtant 
from the Vapor, acquire a greater Baſe, a greater 
Angle at the Sight, longer Rays, the meeting of 
the reflected Rays further removed trom the Rain- 
bow: Wherefore alſo they ſee a greater Rainbow; 
But thoſe which come near to the Vapor, ſee a leſs, 
by reaſon of the contraries of theſe. 

2. Thoſe which differ according to Breadth only, 
and bend to the ſide; indeed they keep the equality 
of Rays, of Angles, of Baſes, and of Rainbows ; 
but they acquire divers Axes, divers Centers, and in 
like manner they are beheld divers in divers Places. 

3. Thoſe which differ as well in Length as in 
Breadth, haveall things divers: Theretore neceſſa- 
rily, they behold a divers Rainbow, and of unequal 
quantity. 

6. The chief Colours of a Rainbow are four; The 
extream or qut- most is Red, next to this in the middle 
Yellow, Green ſucceeds, ajterwards follows Purple 
Coloured, which at lat is finiſhed in Blew or Azure, 

The Caule of this diverſity is the diforder of the 
Vapors ; for the Light now diſtilling into the Va- 
pors, being retracted into Drops, 1s Painted with 
unlike Colours: For the Shadows from theſe unlike 
Drops of ſcatter'd and intermixt Light being ag- 
gregated and refracted, expreſs unlike Colours, 
which the reflected Ray brings together with it ſelf 
to our Sight. | 

7. Next after the Principal Rainbow, ſometimes al- 
ſo another of the ſecond ſort is ſeen. | 
This being the Eighth part of a rect Angle (that 
is 11*: 15/,} is higher; encompaſling the Principal 
or Prime one, the Semidiameter of which therefore 
is made 56? : 15 (which you meaſure from the Sun 
Riting or Setting) and is to the Semidiameter of 
the firſt or principal Rainbow which is 45* as 5 to 
ED 4 
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4: Therefore when the Sun is not higher than ſo 
many Degrees, then two Rainbows may be ſeen in 
a dewy Cloud. | 

And at all times, the Semidiameter of any Rain. 
bow may be found in this manner : Take the Alti- 
tude, as well of the Rainbow as of the Sun, by 
fome fit Inſtrument, join the Arches, of both the 

Altitudes, the Sine of which joined Arches is the 
Semidiameter of the Rainbow ; whence, from the 
Altitude of the Rainbow, the Altitnde of the Sun 
alſo may be known; vz. if you take away the Al- 
titude of the ſecond Bow, from 56® : 15/, it leaves 
the Altitude of the Sun. | 
There are ſome who think, that the ſecond Rain- 
bow is begat from the Reflexion of the firſt, from 
this Argument, that the Colours of it are beheld 
in an inverted Order: But they are deceived, for 
if it ſhould be the Image of the firſt, not only the 
order of the Colours would be beheld inverted, 
but they would be alfo turned back from one ano- 
ther horned, as 1s ſeen in the 222 Figure or Scheam: 
Moreover it may happen, that the firſt being abſent 

(to wit, when the Sun is hgher than 45? and yet lower 

than 65?) a ſecond may be ſeen; the Image, with- 

out that which makes it, the Type without the An- 
tity pe, or a Copy without the Original; which ne- 
vertheleſs frequently happens in Summer- time: 

From whence *tis concluded that the ſecond ſort of 

Rainbow, is alſo Immediately generated from the 

Sun, no otherwiſe than the Principal one. 

8. Concerning the time in which Rainbows are gene- 
rated of the Sun, the following things are to be noted, 

1. In Winter more frequently, Rainbows may 
be generared at any Hour : The cauſe 1s, becauſe 
the Altitude of the Sun is leſs, and therefore the 
Solar Rays are alſo leſs in rectitude, and leſs in 


ſtrength, than that they can conſume and _— 
En the 
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the Vapors : Therefore in that time, is more of Va- 
ae. which are conſumed by the Heat of Summer. 
In the Summer about Sun Riſing or Setting, 

el are made, but not at Noon time. 

For from the Suns Rifing and Setting, Vapors 
are not ſo eaſily diſſipated, as dat Noon- time or when 
the Sun is in the Meridian; by reaſon there then 
Lappens a greater rectitude and ſtrength of Rays: 
Moreover, t too much Meridian Altitude of the Sun 
hinders the generation of a Rainbow, for as much 
as the place of its Generation is forced down be- 
neath the Horizon. 

And concerning this, from the Altitude of the 


Sun, we muſt note a Rule of Fenn which he 


explains at Prop. 79 of the 10. Book, when the Arch of 
the Suns Altitude 1s greater than the Semidiameter 
of the Rainbow, (which how it is found is {aid a lit- 
tle before) a Rainbow is not generated: But by 
how much that Sine is leſs than che Semidiameter of 
the Rainbow, by ſo much the more ill appear of 
the Rainbow. 


9. Concerning the place of the Rainbow, the Rules are 


theſe, 

1. From the Sun being poſited about the Eaſt, 
me Rainbow is ſeen about the Weſt, and later- 
changably. 

2. From the Sun being near the Meridian, 
the Rainbow will be ſeen on the North Part : And 
ſince the Sun from the Site of our Sphere never de- 
clines to the North, we never ſee a Rainbow to- 
wards the South, unleſs the Solar Rays tall on Solid 
watery Clouds, and poſited overagainſt the Sun, 
and reflected from theſe into a dewy Cloud, and 
placed at the ſide of the Sun, and laſtly, from hence 
reverberated or beaten back to the Sight. 

10. Many Rainbows may be Generated at once, in a 


twofold Manner. 
1. When 
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1. When one encompaſſes and includes another, 
ſo that they have as it were one Axis, and one Cen. 
ter, and of Colours either the ſame, or ſited con. 
trary in the reaſon of Order. 5 

2. When one includes not another, but they have 
divers Axes and divers Centers, which may be ſup- 
poſed to be done, when the Rays of the Sun fal 
ſtrongly, on one or more watery and ſolid Clouds; 
and from hence are reverberated to one or more 


Superlicies of dewy Vapors, and from theſe deu 


Vapors reflected to the Sight: But when, as hap. 
pens not altogether many Arches of the Rainbow 
are beheld wonderfully full of turnings, the cauſe of 
of which cannot be given, *tis rather referr'd to 
ſtrange things and wonders, than among natural 
things. 5 | 
11. In the Rainbow alſo we may take notice, that if 
von fly away, it follows you, if you approach towaras it, 
it meets you, and if any one proceed to one ſide, it alſo 
ſeems to move to the ſide: 13 

The reaſon of this appearance is this: Tis ma- 
nifeſt, that a Rainbow always appears the greater 
to him that goes away from it: Therefore by a con- 
tinued augmentation of this ſame ſort of depart- 
ing from the Rainbow, it ſeems to follow, but com- 
ing to a Rainbow *tis leſſen'd and decreas'd: From 
whence, to go away or depart, is alſo eſteemed as 
it were to fly away: Which acceſs and receſs from 
hence appears, that greater things are better ſeen, 
and therefore nearer than leſs: And contrarily, that 
leſs things affect the Sight leſs and more weakly, 
and are thought to be further diſtant: And if any 
one decline to a ſide, with him the Axis of the 
Pyramid will be changed to the ſame ſide; the Point 
of the Superficie of the Luminous Body, or the 
vertex of the Pyramid of Illumination, the Circle 


of Altitude, and the Aggregate of Rays, or the 
| Vertex 
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Vertex of the Pyramid of Reflexion are all changed 
with him; Wherefore alſo the Rainbow is diſcern'd 
to move to the ſide. | 

12. Laſily, Lunar Rainbows are ſeen, but ſeldom. 

For tothe Generation of theſe,three things are re- 
quired; 1. A fit Vapor; 2. The Moon at full or near 
full Moon; 3. The ſame Riſing or Setting, being over- 
whelm'd by the Rays of the Sun beneath the Horizon. 

And ſince theſe things ſeldom meet together, tis 


T manifeſt that Lunar Rainbows are very ſeldom ſeen; 


yet oftner in Northern parts than in Southern, in 
which the Matter of the Rainbow is conſumed from 
the Heat of the Sun. 


II. Concerning other Meteors of the Air having 


otic Cauſes. \ 

1. Gulfs, appear when a thick Cloud burſts aſun- 
der into more thin Parts; nigh to the burſting it 
exhibits a Lucid Colour, that the Heaven ſeems as 
from a Fire to open wide. RI 

2. Two or three Suns appearing at once, or two or three 
Moons, when thicker Clouds are poſited to the fide 
of the Sun or of the Moon; like the Images of them 
in a Glaſs they are refleted to our Sight : Then 
more Suns or Moons appear. 

3. But Circles about the Sum, Moon, or Stars, ap- 
pear, when the cloud under the Sun or the Moon 
is very thin, which the Star Illuſtrates by its Rays 
round about : For then they ſhew the Circles of 
theſe kind of refracted Rays, every where at equal 
Angles; and the Circular Refraction is made every 
where at half a right Angle, ſo that the Diameter 
of the Circle is 45 

4. The Colours of Clouds, are begat from the min- 
gling together of Lucid Rays of the Sun with the 
obſcure thickneſs of the Cloud. 

For vecauſe Clouds are unequal in themſelves, as well 
by reaſon of thickneſs and thinneſs, as alſo by reaſon of 


their 
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their Site to the Celeſtial Lucid Bodies; therefore from 
hence depends all the variety of Colours: And the more 
Light falls into it, the brighter the Cloud is; by han 
much the leſs of Light, tis fo much the blacker : Tet for 
the mot part theſe Colours are ill-favoured. 
5- Of Twylights, by John Kepler in his Epitome of 
Aſtronomy. 5 3 

1. The Cauſes are many: Firſt the Efficient cauſ, 
which incites all the reſt, is the Sun it ſelf; not. 
withſtanding that it is converſant under the Eart], 
neither carries our Eyes, either by a direct or! 
refracted Ray. | 

2. Another Cauſe, is the celeſtial golden Sky com. 
paſſed about near to the Sun, at the Amplitude of 
ſome Degrees, Shining by reaſon of the Suns near- 
neſs, ſometimes more, other times leſs, which time 
is ſomewhat imployed in ariſing, until the Sun it 
ſelf at laſt is riſen. 

3. A third Cauſe, is of Smoak, and of dry Exha- 
lations, excited from the Heat of the Sun by Day, 
or from Harmonical Radiations of the Stars ; and 
ſtretched out by Heat and by its thinneſs, upon the 
Superficie of the Air; which when they are higher 
from us, are ſooner Illuminated from the Sun, and 
from the cover'd brightneſs of the Sun, than when 
lower, and ſo being Elevated above our Horizon, 
like lighted Lamps, they impart the Light received 
from the Sun to us. | | 

4. A fourth Cauſe, is the Air it ſelf, caus'd two 
ways: For Air, makes bright and clear, the direct 
Rays of the Sun, and revibrates them, as being a 
thicker Sky; or is inſtead of a Glaſs to the ſolar 
Rays, and Reflects them. 

But laſtly, to conclude, we were willing to delineate 
theſe few things, in which are the moſt pleaſant, 
and moſt uſeful things chiefly neceſſary to all Phi- 
loſophy ; the optic Science is Collected from Wri- 

= ters 
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ers of the beſt Note, which by reaſon of its great 
\mplitude, we Judge no mortal Man is able to de- 
ver it fully and perfectly: Yet he that underſtands 
heſe Rudiments and Principles of it, will not be 
ltogether Igriorant of the Optics; but will have 
nough of help to underſtand the more accurate 
rifings of the Optics, in which he will find 
hiefly, the moſt natural Cauſes of many admirable 
hings, which with the Vulgar are accounted for 
onſtrous ſtrange things, or jugling Tricks, which 
hey believe can never be perform'd without the 
elp of Dzmons : But let them the more admire 
ind celebrate the Wiſdom, the Goodneſs, and the 
Dower of God himſelf, which hath not reſerv'd 
ſuch abſtruſe and hidden things, only in his own 

Power, but hath made out alſo the Nature of them, 
and left the ſearching out of the moſt ſecret things 
of Nature, to Man: To the moſt wiſe, moſt Excel- 
lent, moſt great Author of Nature; To God him- 
ſelf, be Praife, Honour and Glory, World without 
ad end, Amen! IX . 
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their Site to the Celeſtial Lucid Bodies; therefore fron ers 
| hence depends all the variety of Colours: And the more | 
Light falls into it, the brighter the Cloud is; by hn "© 
much the leſs of Light, tis ſo much the blacker : Tet for 
the mo$t part theſe Colours are ill-favoured. 
5. Of Twylights, by John Kepler in his Epitome ne 
Aſtronomy. 5 00 ER | 
1. The Cauſes are many: Fir the Efficient caife 
which incites all the reſt, is the Sun it ſelf; not. 
withſtanding that it is converſant under the Earth, 
neither carries our Eyes, either by a direct or! 
refracted Ray. 1 
2. Another Cauſe, is the celeſtial golden Sky com- 
paſſed about near to the Sun, at the Amplitude of 
ſome Degrees, Shining by reaſon of the Suns near- 
neſs, ſometimes more, other times leſs, which time 
is ſomewhat imployed in ariſing, until the Sun it . 
ſelf at laſt is riſen. | | of N 
3. Athird Cauſe, is of Smoak, and of dry Exha- Ne. 
lations, excited from the Heat of the Sun by Day, 
or from Harmonical Radiations of the Stars; and 
ſtretched out by Heat and by its thinneſs, upon the 
Superficie of the Air; which when they are higher 
from us, are ſooner Illuminated from the Sun, and 
from the cover'd brightneſs of the Sun, than when 
lower, and ſo being Elevated above our Horizon, 
like lighted Lamps, they impart the Light receiv'd 
from the Sun to us. | 
4. A fourth Cauſe, is the Air it ſelf, caus'd two 
ways: For Air, makes bright and clear, the direct 
Rays of the Sun, and revibrates them, as being a 
thicker Sky; or is inſtead of a Glaſs to the ſolar 
Rays, and Reflects them. . 
But laſtly, to conclude, we were willing to delineate 
theſe few things, in which are the moſt pleaſant, 
and moſt uſeful things chiefly neceſſary to all Phi- 


loſophy; the optic Science is Collected from Wri- 
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ers of the beſt Note, which by reaſon of its great 
\mplitude, we Judge no mortal Man is able to de- 
ver it fully and perfectly: Yet he that underſtands 
heſe Rudiments and Principles of it, will not be 
ltogether Ignorant of the Optics; but will have 
nough of help to underſtand the more accurate 
rifings of the Optics, in which he will find 
hiefly, the moſt natural Cauſes of many admirable 
hings, which with the Vulgar are accounted for 
onſtrous ſtrange things, or jugling Tricks, which 
hey believe can never be perform'd without the 
elp of Dzmons : But let them the more admire 
nd celebrate the Wiſdom, the Goodneſs, and the 


m. 5 1 . 5 
over of God himſelf, which hath not reſerv'd 
ar. Nich abſtruſe and hidden things, only in his own 
me Nower, but hath made our alſo the Nature of them, 


nd left the ſearching out of the moſt ſecret things 


"* Pf Nature, to Man: To the moſt wiſe, moſt Excel- 
ha- Dent, moſt great Author of Nature "To God him- 
wy felt, be Praife, Honour and Glory, World without 
a end, Amend A oO HOG 
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ar . OTatics, 2 4 Science which artificially explains the 


te ents: II. Which Stience that it may be Methodicæl, 
t, Nye ought ro deliver 2 1. The Definitions and Theorems : 
i- E. The Structure of the Inſtruments: 3. The Practice 
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4 8 wo of finding out the weight of Bodies by In ſtru- 
1 


N 
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CHAP K 
DEFINITION I. 
3 of the ſame, or of equal Weight or Gravity, at 
D thoſethings, which in the ſame mean tend domnwari 
by an equal Endeavor, Impediments being taken away, 
All thoſe are called heavy Bodies which are boan 
downwards of themſelves, and by their own N. 
ture, this is known by natural Philoſophy and Senk 
almoſt common to all Men; yet they are in gret 
difference; neither as in bulk, ſo alſo in Weight 
are they always alike : For a ſmall Maſs or bulkof 
Lead, weighs down a great Sack of Wool or of Fez. 
thers: Yea thoſe things which are of the ſame 
kind or Species, they do not always make equal the 
Mole to Weight, for how much diverſity of Gra- 
| vity or Weight is there, either of the Watery Ele- not 
i ment alone? Obſerve, as the Figure is changed, the pr. 
bl Weight together is changed: A Bullet of Lead pg 
| readily deſcends in Water; but the ſame being ham-}M ari 
| mer d intoa thin Plate like a Leaf, ſinks not ſo much: we 
1 Ihhat therefore, if the exquiſite equality of Weigl co 
{ | be required, The Species alſo and the Figure, and ch 
| all other things ought to be alike. dat 
II. A Body of known or of given Weight, is either un 
Gravity, the heavineſs of which is expreſſed by a certan the 
Number : Or to the Knowledge of which, ſome prop. ane 
tion of Weight is to be known to us. on 
i For neither do we know ſurely a Body to be (fo 47 
Il Example) of one Pound, unleſs either it be markd __ 
that we can believe it; or of which we have tel 
| Proportion to another known Weight, certaiulj 
| | KNOWn to us. 5 | | 
i | III. The Center of Gravity, is a Point in any Boch, ( 
: fired within or without, about which, the parts on eve) 
| | ftde-conſtsÞ of equal Moments. | There-M D. 
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Therefore if by Diviſion through ſuch Center, 
by paſſing through right forward, howſoever a Bo- 
dy be cut, it will always be cut into two Parts of 
equal Weight. 

IV. Theſe Bodies are  Equilibral, or Weigh equal, which 
being hung at each end of 'a Ballance, conſtitute the 
ſame Parallel to the Hlevicuns whether they are of equal 
Weight or not. 

V. A Weight « ſaid to be ras d, it being huzg on the 
we. ghing fen ument or Ballanc c, mharſpever ig the cnuſe 
of elevating or raiſing the Wei, oht on high, whether it be 
a ponderous Body, or jome imperns; tis alſo call 4, Ponters 
in Mechanics. 

VI. A Leaver from the conf deration of its niches 


length, which leaning on {one Prop, on one Point 


wy it 1s appli ed an heavy thing to be moved, and on the 
other, it hath 4 moving Power applied to it. 
Wherefore in a Leaver, three Points are moſt 
notable in the uſe of it; to wit, the Point of the 
prop, the Point of the Weight, and the Pointof the 
Power; from the various Com bination of Which, 
ariſe three kinds of Leavers: No Man will think 


we go beyond the Scope of Statics, when we ſpeax 


concerning the Leaver, for they are akin; and Me- 
chanicks and Sratits lean upon almoſt the ſame Foun- 
dations; and a Ballance, when the scales are of 
unequal Arms, is the ſame as a Leaver, in which, 

the Axis paſſiug through the Center, is the Prop; 
and from the reaſon of this flows the demonſtr ati- 
on of that; whence if ſometimes we touch upon 
Mechanics, it makes the Static Artiſice more clear. 
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II. In ali Equilateral F. gures, which may be inſcrib'd B 
ina Circle, the Center of Gravity is the ſame with the eq 
Center of the Cir cle, in which they are inſcrib'd. c 
Vet, by ſuppoling theſe heavy things, to have e- of 
very where equal thickneſs, and to conſiſt of Mat. 
ter of equal Weight in all their Parts. 

III. i at Trigous, or Triangles, the Center of Gravity 
is in the common Section of the three Lines, each of 
which, coming to each 6 ac Her FRY poſer Anglern di 
viae them ecnally, 

For *tis neceſſary; that theſe ſhould meet in one 
and the ſame Point, by a mutual Section. 

Eip. 223. For the Sides A B and AC being diri- 
ded _. middlein Dand E; and CD, BE, being 
drawn, and. through the common Sefion AGH; 
and DE, wiz. Parallel to the third Side; the Tri- 
angles B E Cand CD B will be equal, and the Baſis BC 
the fame; therefore BCG the common, being taken 
away,” C EG will be equal to DBG, to which, ſee- 
mg AGE and AGD. are equal, inaſmuch as they 
are on equal Baſes and between Parallels; A GE. 
and A GD, will alſo be equal between themſelves ' I gre 
And ſince they are upon the ſame Line AG, they def 

will be of equal Altitude; which is alſs. the Alti 40 
tude of the Triangles FG b, and FG E, which con- W. 
ſiſt on the ſame Baſe FG; and therefore they are I the 
equal between themſelves: But becauſe B C is Pa- cl 
rallel to DE; DGE and BG C will be Equiangied, tha 
and the Proportion of BG to GE, as of CG to GD; | con 
from the ſame alſo, BG H and GEF are alike, and : 
alſo CH and DGF: Wherefore the Proportion I and 
of the Triangle BGH to EFG, is as- B G to GE, bri. 
that is double; and CGH to DEG, as CG to GD, disc 
which is double : And CG is to GD as BG to GE, qui 
wherefgre BG H is to EFG, as HCG to DFG: this 
TherFore when DFG and EFG are equal, alſo ;. . 


BG H and CG H will be. ä And ſince they are I chi- 
between 


t 


wad 
the 


e 6 
lat. 


Vity 
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equal : Therefore all the Triangles ABH, ACH, 
CDB, CDA, BEC.. BEA, will be the middle 
of the Triangle ABC; which therefore being 
hung from the Poiat G, or from the Center of 
Gravity,may be changed into many Parts. 

IV. The Center of Gravity in Conoid Proportions, 
divides the Axis of the right Anole ſo, that the part 


which terminates at the Vertex, is aouble of the other 


art which ends in the Baſe. 

V. Equal Weights, being hung equally on both Arms 
of the weighing Iuſirument, are in Equilibrio; but uic- 
qual Weights ſo hang, do not Equiponderate, but the hca- 
vier out weighs: On the contrary, equal Weigits hung 
at an unequal diſtance, do not Weigh equally, but that 
outweighs, which is hung at a greater diſt aiice. 

VI. Trulythe Reaſon of the Leaver is wonderful, and 
the Cauſe hid, why, the Power, the farther *tis diſtart 
from the Prop, the Leaver is ihe more efficacious and 
moves the eaſier. _ | 

Ariſtotle thinks the cauſe of this to be, that the 
greater Radius, or more diſtaut from the Center, 
deſcribes alſo a greater Ciicle or a greater Arch of 
a Circle: And becauſe in the ſame time, as well the 
Weight nigh the Prop, as the Power remote fron! 
the ſame, paſs throug} , indeed like Arckes of Ci: - 
cles, but unequal, the Motion of the Power is {wutcr 
than the Motion of the Weight, and therefore ovcr- 
comes it. 

This Opinion of Ariſtotle is variouſly explain'd 
and refuted by Artificers; but all theſe things do not 
bring the reaſon of this compendium exactly to be 
diſcerned: Yet I think it is certain that we may fe- 
quire alſo the Phylic cauſes to his Demonſtration at 
this Mathematick' Phylick : The Principal torce 
is of the Power of the firſt movent, Which Ma- 
chines and Inſtruments, nevertheleſs according to 

Eb 3 this 


Chap. II. Of ST4FTCS8: Es 741 
bet v cen Parallels, the Baſes alſo BH, H C will be 
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742 Of STAT ICS Part J. 
this artificial Application of it to them, may very 
much help, yet ſo far, as alſo the Power of the Mo- 
ver, and the matter of the Inſtruments permits, and 
is able to do good: So in the Leaver, the further 
the moving Power is from the Prop or Hypo- 
mochlion, as in the Point of reſt, and of hinder- 
ing or ſtopping ; this is of more Force, as leſs 
hindred, and io moves by a greater proportion of 
Operation ; and indeed, the more the back of the 
Prop is ſnarpned into a Line, and like a Priſme 
leaves the breadth, this Motors action ſucceeds more 
happily, for the back of the Prop being broad, re- 
ſiſts the Power from many Points; (when the dif. 
tance from the Prop is referr'd as to a Point) a 
Weight by the like reaſon, the further 'tis diſtant 
from the ſaid Point of Hinderance, this more in- 
creaſes the natural bending of it downwards, con- 
trary to the Power of the Mover: But inſtantly 
lifting up the Prop, it raiſes up the neighbouring 
Weight more aptiy, when the Power reaches out the 
helping Hand; yet the breadth of the Prop doth 
not. ſo much hinder the railing the Weight, as it 


doth binder the Power, the Action of which draws . 


2lmoſt every Line. | | 

VII. By Pullies, Skrews, Wheels and Wedges, the 
proportion of the Power does partly increaſe, and in part 
more intimately and conveniently applied to moving; 
is partly multiplied, and by that means it is divided into 
teveral Principles of moving, ſo as more Hands, Leavers 
and Props may be applied: And the Me eight be more e- 
gqualiy divided among many. | | 

VIII. A Beam is fome kind of Leaver, the proper In. 
ſtrument of Statics, and therefore to be conſider'd ac- 
curately here, the whole Reaſon of which depends on the 
three following Theorems; the firft of which is Archi- 
medes, and tis thus, 


1 


Che 
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The Proportion of Weights that are Equilibral, is as 
that of their diſtances from the Cock of the Ballance. 
This Theorem ſucceeds, if the Rule of the Bal- 
ore ¶ lance or Beam be ſuppoſed altogether of no Weight, 
lic as if it ſhould be of moſt light Wood, or of ſome 
\ ” W matter of No, or ſcarce ſenſible Gravity: | 
for Example, a Weight D being hung in C, 
zut makes an Equilibrium with a Weight G, being hung 
in F: And the proportion of the Arms FB to BC 
ve is fourfold or Quadruple : I fay on the contrary the 
weight D is Quadruple of the Weight G; this is 
10 truly the Golden Rule which Ariſtotle renders in 
5 his Mechanic łs. | 
K IX. But becauſe the Beam or Rod of the Bal- 
* WF lance for the moſt part is Weighty, being made of 
"> i folid Wood, yea of Iron or Braſs; the Ratio alſo 
E that is to be had of this, is as this following The- 
„ orem explains: When the Burden or Weight ſhall be 
"= hung only to the extream or end of the ſhorter Arm, and 
e Beam or Rod is ponderons, being equal in Magnitude 
i P7174 eight, and the Ballance being ſo diſposd will con- 
7 | fi in Equilibrio ;, the Proportion of the Weight hung, 
./ be to the Weight of the whole Beam, as the difference 
of Parts, or of the Arms of the Rule or Beam, tothe 
"© I dorble of the Weight of the leſſer Arm 
| Example, The Weignt D, hung in C, makes an 
Equilibrium with the Rod or Beam BL, without 
any other Weight, and ſo both Arms of the Bal- 
lance BL and B C, conſiſt or ſtand Parallel to the Ho- 
'1zon; And make BK equal to rhe leſs Arm BC, 
Bbb 4 which 


ws Of STATIES Part I, 
which being taken away from the greater Arm BL, 


there is left KL, the difference of the ſame : I fay 
then, that the proportion of the Weight at D, to 


the Weight of the Beam CL, is as of the Weight 


of L E, to the Weight of KC: From whence flows 
an elegant Conſectary; from the known Weight of 
the whole Beam, and of one of the Arms of it, 


Jo find the Gravity of a Weight to be hung that 


ſhall make the Ballance ſtand in Equilibrio : For if 
we multiply KL, which for Examplelet be 40, into it 
ſelf, it makes 1600, which Number we divide by 
the Weight of CK, which let be 16, and it produces 
100, to which add the former Number KL 40, and 
it produces 140, the Weight at D ſought. 

X. I the Beam be ſuppoſed without Weight, and 
from the part, which is the difference of the Arms fromthe 
koliow or hole, wherein the Beam of the Ballance turn, 
from equal Meight extended through that whole Rod, 
that will have equal Gravity with it ſelf, being hung in 
a Point diſtant from the Center of the Ballance, by the 
half of the whole Beam. 

This Theorem flows from the two Antecedent 
ones, the Senſe of which 1s this ; let the Beam CL 
be of no Weight, and CB equal to BK, and ſome 
Weight equally co-extended on the Rod, that un- 
der the form of a Square it makes an Equilibrium 
with D hung in C, and to the co-extended Weight 
equal to G, hung from M, the Term of the Rod 


BM, which is the middle part of the whole CL; 


I fay the Weight G, will here alſo make the Ballance 
in Equilibrio, as the co-extended of the whole KL: 


Let it be therefore, that in M, it will make Equilibi- 
brium with D, then it will be by Theorem the 8, 
that MB will be to BC, as D to G: Alſo becauſe it 


makes D n Equilibrium with G, with the co-ex- 
tended Ki; it therefore the whole alſo CK, fl 
he cqually heavy, it will Till make Equilib 
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beEquilibral, becauſe B Cand BK are eqral, and ſo the 
proportion of theWeightDto theWeightK Lwill be, 
as of the Weight LC to the Weight CK, by exchang- 
ing the proportion at Theorem 9: Therefore as of 
the length LCto CK, becauſe the Weight is equal- 
ly diſtributed : But as the Weight D, to the Weight 
L K, ſo D to G, becauſe by the Hypothelis G and 
LK are equal; as therefore LC to CK, ſo MB to 
BC; wherefore by changing, as CK to CB; ſo 
LC to MB; but CB is the half of CK, therefore 
BM is the half of LC, which was to be Demon- 
ſtrated. But becauſe CB is the half of CK, and 
BM the half of CL, it follows, that M K is the half 
of KL; and ſo the whole Rod KL, only Bu rdeas 
or Weighs, as if the Weight of the ſame were 


| hung from the middle of it ſelf : the Conſectary of 


this Theorem 1s that Propoſition of Archimedes. 
Every Weight, although unequal, as for example a 
Triangle, the little Rod of the Ballance, or of any thing 
co-extended, cauſes ſo much Gravity, as the thing ſuſ- 
pended from the Point of the Rod, which hangs over Per- 


| pendicularly in the Ceuter of Gravity of the co-ex- 


tended Weight, | 
Which Propoſition of Archimedes is general, viz. 
although the Weight extends not as far as the 


| Tongue of the Ballance, but for Example, if it 


ſhould be co-extended only through LF, neverthe- 
leſs being hung or ſuſpended in E, ſtraight from its 
Center of Gravity, it will Equiponderate. 


PARTE 


e 


PART II. 
Of the Furniture of Inſtruments. 
C:H 4A PL 
0 53 Weights. 


O Weigh without Weights, is as to Write 

without Ink ; therefore the Ratio of all corpo- 

real Weight andGravity, ought to be well known firſt 

of all; but becauſe this matter is already copiouſ- 

Iy explained in the ſecond Part of Practical Ari ihme- 

tick from Page 90 and the following, it may therefore 
be fetcht from thence. | 
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CHAT. I | 
— Of the Ballance or Scales to Weigh with. 
[ Ballance is an Inſtrument to examine the Gravi. 


ty of Bodies ; ſo prepared, that if theWeight be 
known that is put in one Scale, and the Body to be ex- 
amined in the other, the Aquality of the Weight of 
bot h, conſtitutes the. Ballance in Equilibrio : Bug if one 
Scale or Baſon of the Ballance be more depreſſed than the 
other, it argues the inequality of the ſams according 
to Gravity. | 8 
There are chiefly two Inſtruments with which 
Statics uſe to Weigh the Gravity of Bodies: 

1. The Ballance already deſcrib'd: 2. The 
Beam, of which the firſt is moſt ſimple and more 
uniform, and moſt fit to examine the ſmalleſt things 
or Weight; from whence, precious things are 
Weighed in Scales, rather than to produce their 
Weight by hanging them on a Beam ; for a Beam 
is an Inſtrument more variousand ſcarcely deſcends 
beneath a Drachm, in examining of Gravity : Yet 
this it hath before that, that by one Weight only, 


although diverſly hung, we may Weigh — or 
e 


| or Rod at right Angles : The hollow place B D, ſuſtain'd 


| Center on both ſides, upon which little Axis the agitation 
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leſs Weights or Gravities; when in Scales, the 
Weights are always to be equally added to the things 
to be Weighed, as we ſhall hear by and by : There- 
fore the form of common Scales ought duly to con- 
iſt of theſe parts ; thus, Fig. 224. 

AC ts called the Beam of the Scales: BC, B A the 
length of the equal Arms : B the Center; B E the little 
Tongue or Cock, the Examiner, B D the hole or holiow 
wherein the Cock turns; Fand G, the Scales or Baſons of 
equal Weight, hanging by ſmall Chords, from A and C - 
The little Tongue I E, is joined unmoveably to the Beam 


by the little Axis conveyed through the Centq. B, and 
through the holes of the hollow place anſwering to the 


of the Beam of the Scales 1s made. | | 

Two doubts ariſe about Scales, which being ex- 
plain'd, perhaps the Nature of them may appear 
more clearly: 1. Why the Arms although exiſting e- 
qually, and equiponderating Burdens put in each Scale, 
the Beam with the Scales being moved into Equilibr1o, 
always Radiates at a Parallel Site to the Forizon * 

Fig. 225., The Moderns report the cauſe thus, 
that unleſs the Line of Direction (which is the right 
Line generally paſſing through the Center of Gra- 
vity of any Body) ſhould Sonne& two Centers of 
Gravity and of Suſpenſion, the Beam of the Bal- 
lance cannot reſt : Cardan endeavours to Demon- 
ſtrate it thus: Let the Scales be, whoſe hollow 
place hangs from A, the Axis paſſes through the 
Center B, about which moves the Beam CD, with 
the Scales hung to it, and the Angles ABC and 
ABD are right Angles: Therefore the Weight 
that is hung by a thread in C, is heavier than in any | 


other place of the Semicircle ACQ, (for the Beam i 


being moved Circulacly about the Center B) the 
Burden C, is conſtituted certainly from two Rea- 9 
| ſons . ll 
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ſons: The firſt is taken from what's Demonſtrated FX 
concerning the Leaver and Ballance, for the more 1 
the Weight is diſtant from the Cock or hollow e 
place, this he.appoints to be the heavier ; and the 7 
nearer it is to the fame, the Lighter; and the MM 17 
Weight is no where further diſtant from the Cock IM l. 
than in C, for that is the greateſt of all the Subten- er 
ſes of right Lines, in the Circle which paſſes through * 
the Center, by the 15 Prop. of the 3 book of Euclid, M 4 
therefore in C is the heavieſt; and this is ma- 
nifeſt from Reaſon and Experience it ſelf, the far. F, 
ther a Weight deſcends from A towards C, the ““ 
heavier it becomes and moves the ſwifter: By the bat 
contrary reaſon from C towards Q, the Weight MW — 
becomes the lighter, and its Motion flower : By the 
ſecond Argument he evinces, that a Weight comes 
nigher to the Center of the Univerſe, and ſo is 
heavier while 'tis moved from C into E, than from ff 
F to G, although 1t paſſes through the equal Arches 
CE and FG in equal time; for it will make the Ar. 7 
ches alſo HC, and FG equal, and by drawing the 
Lines, they make the Triangles FGL and HCK; 
and becauſe the Angles K and L are right Angles, 
and the Angles BFG, and B CH equal; the Angle 
FGL, will be leſs than the Angle K CH, and there- a 
fore the ſide H K, great@ than the ſide FL: And in 
the ſame time theWeight comes nearer to theCenter 
of the World, through each Line, and therefore gr 
more by the longer HK, therefore *tis heavier in C of 
than in F: Therefore the Weight moves as well in 
Fas in R, by its natural Gravity downwards; but W c 
it always grows more and more heavy through the 1 
inter val A C, and on the coutrary *tis made Lighter I th. 
from D in Q and by a twofold reaſon, the Weight 0 
F Weighs heavier and raiſes R, until they reſt in th 
CD in Equilibrio. | 
2. Why the Scales being inverted, ſo that the Beam 
| | FI, 
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FR, lies upon the Iron QB, which they hold in the 
1nd; D which already hath deſcended in R, whether 
the Scalbs are empty, or equally loaded, not only not re- 
turns to the Equilibrium CD, but rather deſcends more 
toward © ? Ariſtotle Anſwers, that the A. gie Q F, 
which is made when the Cock is above the Scales, is grea- 
ter than the Angle OSR: And when the Cock is be- 
neath the Beam, the Angle RB A, is greater than the 
7 FB A, but the greater Augle always renders the 

Verght heavier, and fo in the former caſe the Weight 
4 in the ſecond, "the N eight Ris the heavier, and always 
draws the Beam downwards, although the Moderns de- 
bate this Crejtton mar) ou in both Arguments 


—ů — 
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07 the Beam. Fig. 2.26, 


ie Beam is à Static Inſtrument, fit 10 examin the 


' Gravity of Bodies, of which a Weight veing hung 


to the extream of the leſs, or ſhorter Arm. and another 
1 0% of known Crab ity, and mov'd through the grea- 
er Arm, ſo long until. the. Beam fins: in Equilibrio, zt 
will {hem the W, eight. 

The Form ot it is ſuch as Eig. 2 ſhews: The 
parts of which are: . BC the Beam, being a Trian- 
gular Pillar, Quad rangular, or any other Figure at the 
will of the Artificer, only the length muſt be ſtraight; 
and it it may be made of Wood, of Iron, Steel, 
Braſs, or any other Matter, ſo that the Gravity 
of it be known: 2. ED the Cock or Tongue, di- 
vidipg the Beam uneqrally, and affixt to it in the 
ſame manner as in Scales: 3. BA the Hook or Scale, 
alſo the Weight of this ought to be known: 4. G 
the Weight hung to the Beam, moveable to and fro, 
and this alſo ought to be known: The Center of 
the Weighing Inſtrument, is where the Cock is bo- 
red through, the little Axis (in which it Weighs 
or 


Of STATICS. | 749 


fignifie a Pound, a 
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or Poiſes) receives the Arm EC, Being always long. by 


er than the ArmEB: *Tis always divided into di. 
vers Parts in a certain Ratio, which is ſhewn in the 
and 10 Theorems: Notwithſtanding it may briefly be 
done thus: (fee the Scheme of Theorem the 8) Let the 
Beam be CL,equal in Magnitude and Gravity thro. 
out the whole; of the Weight of 7 Ounces only, 


or ;; of a Pound: And the Center of Weighing ol ” 
Poiſing in B, ſo that KL be 10, and KC in propor. 

tion, and the Weight G one Pound: Now then hj kl 
the 9 Theorem, ſeek the Gravity of the Weight D, V 
x. which being hung from the Beam, may make 1 
an Equilibrium, in this manner: multiply the Weight M tl 
LK, which is of 5 Ounces, into it ſelf, and it wil d 
be the Number 25, which divide by the Weight “ 
KC, which is 12, and you will have in the Quotient 

12 25 to which LK r being added, produces 173 n 


viz, the Weight D deſir'd; which becauſe Cis Wl . 
wont to be hung to the Iron Hook CD, let the Hook Sc 
be of Ounces or twelfths 5.5 which taken from the 
whole Weight, leaves the Weight LK of one 
Pound: G therefore in K will be equal to one Pound: of 
but becauſe LK is alſo equal to one Pound, and 
therefore D, unleſs it be of two Pound, cannot direc 
the Beam Parallel to the Horizon; K therefore 
news two Pounds, and from the Gravity of G ac- 
cording to the diſtance from B, in the Center of the fo 
Ballance equally increaſing, we inſcribe 83, T4, iſ ** 
FF, Vs, L7, of known Pounds: And from thence iſ ©" 
it appears, that all theſe Spaces may allo be ſubdivi- 
ded into Ounces, beſides the firſt B K; which yet allo 
may be diſtingviſhed by leſs Marks or Notes, if G 
in the Center it ſelf B, be underſtood to avail or To 
ad fo the interval BK will in- 7 
es of Ounce by Ounce, and the alf 


creaſe by equal Spac 
| frft lark 5 in will ew 13, the ſecond 14, &c tre 
until you come to K the Mark or Sign of two Pounds. Pr 


PARTE 


n 


'P AR T III. 
The Practice. 


PROBLEM I. 
To Examine Weights by the Ballance or Scales. 


Nto any Scale or Balance, put any Merchandiſe 
| or Commodity, whoſe Weight you deſire to 
know : Into the other Scale or Balance put ſo much 
Weight of known Gravity to you, until the littie 
Tongue or Cock BE of Fig. 224. exactly agree with 


the Anſa, or that you hold it by BD, and make an E- 


quilibrium, and it will be the whole weight or Gra- 
vity of the Commodity or thing to be weighed. 

2. Or if the Weights or Poiſe, by chance being 
ſomething greater than the Commodity to be 
Weighed, or outweigh it; you may put in the 
Scale it ſelf, which bears the Commodity, a leſs 
Weight by ſo much, as may make it in Equilibrio, 
and this being Subſtracted from the greater Weight 
wh the other Scale, will leave the Gravity ot the 
thing. 

PROBLEM I. 
To e amine Weights by the Beam. 

Hang the Thing or Commodity to be Weighed, 
to the Hook BA of Fig. 226. and the Weight G 
being known, which is moveable; move to and fro 
on the Beam, until it conſiſt in Equilibrio, and then 
the Weight will detain the moveable; the mark on 
the beam will ſnew you the Weight of the thing. 


PROBLEM III. 
To find the reaſon and manner of Perfection of a Beam. 
The Balance or Scales as being more Simple, ſo 


 alfo*tis more accurate: The Beam as being more 
| troubleſome, ſo *tis leſs exact: Hence we Weigh 
precious or coſtly things, not on a Beam, but in 
| Scales 
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Scales or a Ballance : Nevertheleſs the manner or 100 
way whereby to make a Beam moſt perfect will be a 
this: Let the Beam by help of the moveable Weight eo 
G, be divided in the aforeſaid manner, and make f 
G 1n F to Equiponderate to D (ſee the Scheme at 
Tixxorem the 8th) and ſo D to Equiponderate to G in 
F, and being hung together, of the difference of 
the Arms KL: And divide the Weight PD, into two M.;, 
portions N and O, fo that they make an Equilibri- 
um, the portion N with LK, and the other part 0 
'yygith G; Then according to the 8 Theorem, the Pro- 
portion of O to &, is as FB to BC: But the propor- ſp... 
tion of N to LK by Theorem the 19, as to the ſame I 
Weight hung from M: And by Theorem the 9, as 
LC to CK: If then the Weight N be hung direct- A 
ivy in D, and the Beam ſtand in Equilibrio, and | 
moreover BL, being loaded by a Weight hung in G, Wy; 
the Equilibrium of the Beam cannot otherwiſe be I, 
maintained, than if the Weight N, being augmented 
by the Portion O, is ſo to G, as the part LB to BC, 
and ſo according to the equal increaſe of BL, 
incrcaſes O, N always remaining the ſame, r. 55 
wherefore according to the equal increaſe of : 
the parts BL, the Weight D increaſes, and will ar 
make the Beam alike, if in the extream of it C, The 
a Weight be hung, making Equilibrium with LK; Wet 
then divide the greater Arm of the Beam from the N Mathe 

Cock to L, by equal Spaces. BG 
PROBLEM IV. 


To find the correction of the Beam. 


The precedent way of finiſhing the Beam, is even as the 
Idea of ſome perfection of the ſame ; But becauſe for the moſt 
part the Weight D depends not from the Term it ſelf, or from 
the point C of the Beam, but the Hook being fixt within CB: 
the former diviſion of the Beam is ſomething troubled, and the 

firſt mark ſhewing alſo the Weight L K, neceſſarily retires 
towards B, and will be in P: For if the Weight as well LK a3 
D ithould be two pounds Z 
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cording to the former Ratig, the firſt mark in K- 
ould ſhew or ſignify four Pounds; but when G, 
kpending from K, (to wit, being conveyed in P, 


de Mit in the point of four Pounds, from which it can 
at Wike an Equilibrium) ſhall make four Pounds, 
in Wicſe being added to the weight L K of two Pounds, 
of Nrakes fix Pounds, and thefefore the mark K de- 


caves; nor from thence doth it make an Equilibri- 

: The mark therefore of four Pounds muſt be 
ade in P, for there, both alſo G and L K, the 
eight of two Pounds, being conjòined, weigh four 
pounds, and the Beam is made parallel to the Ho- 
on ; and ſo the firſt mark is leſs diſtant from the 

ock, or that you hold by, than the other between 
themſelves, which will be equidiſtant; as if the ſe- 
cond be in ©, the third will be in H, the fourth in 
M, the fifth in R, the fixth in E and C, and fo G 
n E will ſhew twenty four Pounds. 


PROBLEM v. 


2 To weigh at the Beam, the weight of moſt vaſt Bodies, 
Des and of all the whole Globe of the World, 


b The Great Archimedes boaſted, if he had place to ſet his 
feet he would move the whole Earth; if we couſider 
> Mathematical Principles, and thoſe already ſhewn, it is 
not only poſſible to raiſe the whole Orb ot the Univerſe, 
and remove it from its place, but moſt eaſily and almoſt 
with no power; this only being preſuppoſed to be grant- 
ed, from whence either to hang the Cock of the Beam, 
or (if to be moved by a Leaver) a place to ſet the Hy- 
pomochlion or Prop upon: For ſince, according to The- 
orem the VIII. the Ratio of Weights ſtanding in Equi- 
brio, is as the mutual diſtances of them from the Prop, 
or from the Cock of the Ballance. The diſtance of the 
Earth from the Prop or Hypomochlion may be fo leſſen- 
ech, till at laſt the length of the leſſer Arm to the length 
of the greater, is ſcarce pergeivable, aud ſo will the pro- 

of * woo portion 


_ — >... 
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portion be of the weight hung to the greater Arm, to the 
whole Earth; and ſo by a Beam, or by an indifferent 
Leaver, by a {mall weight, or by a little 2 oppo· 
ſed, the whole Burden of the ponderous Globe of the 
Earth may be raiſed ; yea, by the IX. Theorem, either 
from the proportion of the greater Arm alone, or theq 


ther part of the Leayer, prolonged in the ſaid manner 


Pat 


beyond the hanging of the weight, or by the help of force \ 
the whole Earth may be ſuſtained : But all this Under. me: 
taking ſeems to be in vain, if we jud Hal arms and Ele 
from Natural ray = for although by Divine Powe ligt 
we ſhould have an Hook, to which we might hang of ter! 
join, the Handle or Cock of the Beam; or a Baſe, ow nin 
which we may place the Prop or Hypomochlion, yet the belt 
Work would not ſucceed: And preſuppoſing neithe fror 
the weight hung on the Beam, by its natural gravity, v tlic 


endeavour downwards, according to the Line of H We 
Cock, or parallel to the handle, which neceſſary Hype. 
theſis falls in the beginning of this Labour; for th 
Earth indeed by invincible gravity, endeavours perpendi- 
cularly towards the Center of the World, but this 0 
raiſing from a weight hung to the greater Arm and op- 
poſite, will incline towards the Earth and the Cock i 
felf, and indeed by how much the more this Arm is pu- 
longed, it will make this Angle of inclination the ſha exte 
er, and at laſt this weight on the Beam will hang px 
rallel and perpendicular on the Cock it ſelf, arid foboth 
the weight, and youu of the Leaver, oppoſite to the mori 

ower ; for unleſs the power and the weight to be moved, 


thould be accounted to be equally at the Center of ti 
Univerſe, motion would not follow: But in a Leave 
of the ſecond kind, of which the power could only mor: T 
upward, that by any given proportion it may overconeM corr 
the natural gravity of the Earth, a word or two; in it x 
[iraightway by the application of the Statick Mechanic way 
Inſtrument, there is the ſame center of the Earth, or d pre- 
the Body to be moved, and of the motion of the opp and 
ſite weight, or of the power; the cauſe is of ſtabiliii i et 
not of motion; as all heavy things, by the community « :; 


of motion of the Center, _ a Spherical Congruity, con Bea, 
tain themſelves in reſt to Eternity; fo the Earth, being 314 


_ tumly founded on its Baſe, ſhall never be removes mL th 
roble j 


colt 
Jens 


ble 
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PROBLEM VL 


To weigh the two moſt light Elements Fire and 
Air, 


Water and Earth, and ſuch Bodies where theſe Ele- 
ments predominate, are eaſie to he weighed, birt thoſe 
Elements which in compariſon of theſe are faid to be 
light, have here no fenfible gravity, no more than Wa- 
ter has in its own place; nevertlieleſs the way of exami- 
ning the weight ot them, if there is any, this ſeems the 
beſt: Take a Viol or a Glais Retort of Athes, or of Sand, 
from the Fire, only not red hot, and forthwith put it into 
tle Scale of a Ballance; alſo in the other Scale put 
Weights to gravitate to an Equilibrium, and fo ler them 
remain while the Glaſs grows cold, and you will ſee the 
Scale which bears 1t, ſomething to deſcend, and the othet 
to riſe; then you maſt load it with a known weight to 
bring it to an Equilibrium again, and fo from this laſt 
weight, the weight of the Air may be gathered, and 
withal, the difference of gravity of both the Elements; 
for red hot Glaſs is filled with nothing but Fire, or Air 
extended to the ſubtilty of Fire, till it is cooled, and then 
It is full of Air only. | | 


PROBLEM VIL 
To find the Deceit of Fallacious Ballances. 


The making of a Ballance or a pair of Scales may be 
corrupted divers ways, that they may deceive ; perhaps 
it may ſuffice to remember from Ai7ozle one of the 
ways. A certain Seller of Rich Purple, in theſe times mo# 
precibus, uſed deceit Scales, fo compled, that by the Ware 
and by the Weights jut over againſ} it, ba:h Scales were load- 
ed to an Equilibrium, yet the pound of Purple that he prefent= 
« 10 tie Buyers, was leſs than fut, by an whole Ounce, viz. the 
Beam AC in Fig. 224, was divided int) 23 h, parts, 
nit in the little Axis or Cock 11 parts, ant re voartis Her 
to the twelfth part; both the Arms Prerc hie Forth une qually, 
; * 4 Jes 


| 


- 
= 
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yet the longer being made ſmaller, or by the Scale 
weighing lighter, the Ballance ſeemed equal; but 
neither did the whole Weight of twelve Ounces which 
was in the Scale of the ſhorter Arm, weighing 4. 
gainſt the other Scale of the larger Beam, wherein 
wa the Wares of eleven Ounces, deſtroy the Equil:- 
brium but this and all other Deceits made by Scales 
may eaſily be detected, by changing of the Weights 
end Wares into the contrary Scales. 


PROBLEM VIE 
| To find out the naughtineſs of deceitful Beam. 


Generally Beams may be made to commit a fault 
three ways. 1. If the Beam be not exactly equal in 
magnitude, thickneſs and weight throughout the 
whole length. 2. If the diviſion of the Beam be not 
exactly equal. 3. If the weight hung about the ex- 
tream of the leſſer Arm diſorder the Ratio of the 


Beam. 
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This TABLE ncedsno other Explanation 
than this: If you want a Sine, or Tangent, or 
Secant, or Verſed Sine, above 45 Degrees, you 
mult ſeek your Number of Degrees 1a the firſt 
Column on the Right Hand, and your Sine, 
Tangent, Secant or Verſed Sine, at the bottom 
of the Table, proceeding upwards ; as on the 
contrary, the Degrees of the firſt Column to 
the Left Hand, proceed downwards 
Reaſon 1s, becauſe here you have the Com- 
o to their reſſt ectiye Sines, 
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AT A BLE of the Declination of the Wh, 


tick ; and of the Angles of the Ecliptick 
and Meridian Circle. 
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The Uſe of the Table of Declinations. 


Tf the Sign of which you want the Degrees of Declina- 


tion be found in the ſuperior Line of the Table, you 
muſt take the Degree in the Left Hand part of the Ta- 
ble; but if the Sign ſhall be found in the inferior line of 
the Table, the Degree muſt be taken on the Right Hand 
part, and forthwith, in the common meeting of the Sign 
and of the Degree, you will light upon the Degree and 
Scruples of Declination, Example, Would you know 
how much 17? of m declines from the Equator ? in the 
Left Hand part of the Table I take 179 of m, (for this 
Sign is placed in the upper part of the Table) and in the 
common Angle under m, I find 169 : 58“: 22. ſo much 
therefore I pronounce the Declination to be of 179 of m: 
| Likewile if you would find how much Declination 23? 
of & hath, then becauſe this Sign is in the lower part of 
the Table, I find in the Right Hand part, the ſaid 230, 
above the Sign S, to anſwer to 219 33“: 22". and fo 
much is the Dechnation ſought ; but if you have Minutes 
pPropoſed, as well as Degrees, you mult take the Declt- 
nation of the next leſſer and the next greater Degree, 
and by the difference of them, find out the part propot- 
tional, which muſt be added to the Declination of the 
next lefler Degree, if the Sign propoſed be in the upper 
part; but ſubtracted from the {ame next leſſer Declina- 
_ if the Sign ſhall be beneath at the bottom of the 

able. | | 

An Example of both: I would know the Declination 
of 4% 27*ot the Sign IT, then becauſe I have no Minutes 
in the Table, I take the difference of Declination of 45 
and 59 of the Sign H, which difference contains 10 
44”. which I reduce into Second Minutes, and they make 
644”. then I ſay by the Rule of Proportion, if Eo give 
644 . what will 27' give? Anſwer, 4 : 57”. which muſt 
be added to 219 : 1' : 25” the Declination of 4® of I, be- 
cauſe the Sign IT is Superior in the Table, aud it makes 


21%: 6': 22”. and ſo inuch is the Declination of 49 : 27 


ot I. 
The 


Coe ene 


751 
„ The Ulſe of che Table of Declinations: 


IN like manner I would know the Declination of 
5 : 32 of the Sign y; then, becauſe the Sign 
propoſed is at the bottom of the Table, we ſeek 
the Degrees on the right fide, and the part propor- 
tional muſt be ſubtracted : The difference between 
the Declination of 5? and 6? of , is 2“: 30“. 
which reduced, is 150'. Say then, if 60? give 150", 
what will 32 give? Anſwer, it gives 10: 20", to 
be ſubtracted from 237“: 25' : 48 and there re- 
mains 23? „ 24' : 28. for the Declination of 5 
32' of w from the Ecliptick. | 
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A Table of cight Aſcenſions to the 


Tychonick Obliquity 23 : : 31 1. 


Sy 


Col N| x | Co | Re | X | Go 

: — e S. | De. - Sc. | Deg | Deg Se. | 
601.278 | 0.) 1221 3008 12 | LOOT RS | 2 
51 , 271 | 5123303 14 | 153] 333| 3 
92 27211124304 16 15841334 1 
3 27316 |125] 30s | 19/154 | 334| 53 
" CY | 22 126 | 306 | 20: 155] 335 | 54 
os 275 | 27 | 127] 307 221156336 31 
96 276 32128308 | 24 15733748 
++ 

40 

37 

33 

29 

25 

20 

16 


——— — — — — — many 7 
— — 


97 27738129309 25 158 338 
98 27843130310 251591339 
99 279 48131/31127 150345 
Too i 2053 1321312 28161 341 
58133313 28162342 
12 | 103 21.3 134] 314 | 29| 163 | 343 
3 8135 315 | 291164 | 344 
14 | 105 283 13| 136| 316 | 29165345 
15 106 285 ; 17\ 137] 317 | 29] 1<6] 346 | 12 
16 | 107 | 287 22138318 29167 
17 | 108 288 | 26 1391319 28 1681 348 | 
18 | 109 | 289 | 31 | 140] 320 | 27| 168 | 343 | 58 
i9 |110| 290 | 35 | 141] 321 | 27 169 349] 54| 
20 | 1111 291 | 39 | 142] 322 | 26 170 | 350 
2L | 112 | 292 43143 323] 24{17I} 35t | 44 
| 22 113 | 293 | 47 | 144] 324] 23 172] 352] 
| 23 | 114 | 294 | 51 | 145] 325 | 22| 173] 353 
146 
2s | 115 296 | $7 | 147] 327 | 18175355 2: 
26 | 118 298 1114832816176 
27 | 119 5 4 he 1411771357] 15 
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The uſe of the Table of right Aſcenſions. 


you mult take the Sign in the Head of the Table, and 
on the left ſide, the Degree of the Sign, for in the 


you will find the Degree and Minute of the Equator, 
which ariſes together with the given Degree of the Eclip- 
tick; ſo you will ſee, with 199 of K, that is, with the 
Arch of the Ecliptick, begun from the beginning of y, 
and ending in the 199 of N which comprehends 139“, 
in a right Horizon, to ariſe 141: 27 of the Equinoctial 
Circle: But if Minutes adhere to the given Arch, you 
muſt ſeek out the part proportional, anſwering to the gi- 
ven Minutes, as is {aid in the uſe of the Table of Declina- 
tions, and that muſt be added to the Aſcenſion of the 
Arch of whole Degrees of the next leſſer. Example. Lets 
ſeek the right Aſcenfion of the Arch of the Ecliptick, 
containing 1255 40';that is, the Aſcenſion of 5® 40˙ of 
Q : Subtract the Aſcenſion of 59 of K, viz. of 127? : 22 
from the Aſcenſion of 60 of K, to wit, from 128® : 24, 
and there will remain 12 : 2, the difference of both At- 

cenſions, which ſuits with 60. Wherefore, according to 

the Rule of Proportion,in Minutes, will be given Minutes 

413, which, 1t you add tothe Aſcenſion of 59 of N, you 

will 12 the Aſcenſion of the propoſed Arch of 123? . 3 
almoſt. 73 = 6 


But if you inquire the Aſcenſion of an Arch of the E- 
clipuck, b | nin 
Example, of an Arch of the Zodiack, beginning from 105 


common meeting of the Sign, and of the Degree dehnen 


of &, and ending in 189 of Ir, which contains 38“, you | 


mult ſubtract the Aſcenſion of 109 oi V, to wit, of 37” 
34 from the Aſcenſion of 159 oi Ir, that is, from 705 
57, and there will be left the Aſcenſion of the propoſed 
Arch of 39® : 23˙. Thus by the preceding Table you nay 
find out the right Aſcenſions. 


3 7 5 5 Fe 
In this manner we may eaſily gather the rig nt Arcen- 
ſion of any Sign ot the Zodiack, taken by it 1H, as ap- 
pears in the lor following. 


Tac 


eginning not from the beginning of Y; for 
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The Aſcenſions of the Signs in a right Sphere' 
m Virgo. X Piſces. | 27® p «| 


M Leo. WV — 54 
S Cancer y Capricorn. 


Libra. 
m Scorpio. 
I Sagęitary. 


1 | 
| & Taurus. 
| IT, Gemini. 


32 2 12 


Hence it plainly follows, in a right Sphere, that the 
four Signs which ſtand about the two Solſtitial Points, 
ariſe rightly, but the other eight obliquely ; alſo thoſe 
Arches ariſe more oblique which are nearer to the Equi- 
noctial Points, but thoſe more rightly which exiſt nearer 


b the Solſtitial Points: The ſame may be ſaid concern- 
„ting the Deſcenſions and Mediations of the Heaven; there- 
Cc fore in a right Sphere always four Signs have equal Aſ- 
s cenſions and equal Deſcenſions, and Mediations of Hea- 
„ een, all which indeed may be demonſtrated from Sphe- 


© WW rical Triangles : By this you ſee which Signs ariſe rightly 
ma right Sphere, and which obliquely. 
= Note, that the Column in the Table of right A ſcenſions, 
, whoſe Title is Common Scruples, ſerves to both the adjoining 
) WE Colamms on the Left Hand. 
From this Table of Right Aſcenſions, and the fol- 
| BE lowing Table of oblique Aſcenſions, you may find © Ri- 
ſing and Setting, with the length of the Day and Night: 
for the Aſcenſional difference of the O, (which you have, 
by ſubtracting the right and oblique Aſcenſions one from 
the other) being added to the Semidiurnal Arch in a right 
Sphere, that is, to 90 in the Northern Signs, or ſubtra- 
ed from it in the Southern, their Sum or Difference will 
be the Semidiurnal Arch, which doubled is the right 
Arch, which biſected, is the time of © Riſing, and the 
day Arch biſected, is O Setting. 

As when © is in o Degrees of IT, his Aſcenſional Dif- 
ference is 27“: 36, which being added to 9, becauſe 
the declination is North, the Sum will be 117: 36, the 
Semidiurnal Arch. | 

The double whereof is 235%: 12', the diurnal Arch, which 
being converted into time, makes 15 Hours, 41 Minutes, for the 
length of the day, whoſe Complement to 24, is 8 Hours, 19 
Minutes, the length of the Night; the half whereof is 4 Hours, 
9 Minutes, 30 Seconds, the time of © Riſirg, 55 


766 . | 
A TABLE of the oblique Aſcenſions 
of all the Points of the Ecliptick for 
the Latitude of London, being 


515 — 32. 
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A Continuation of the TABLE 
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of 


oblique Aſcenſions of all the Points 
of the Ecliptick for the Latitude of 
Londn, being 51. 32. 
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273 31 
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284 08 
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The Uſe of the Table of oblique Aſcenſions. 


From this Table you may find the oblique Aſcen- At 
ſion of any Arch, in the ſame manner as in the uſe MI +, 
of the Table of right Aſcenſions is ſhewn, neverthe- an 
lefs they muſt be taken in that Table of oblique A. in 
cenſions of the elevation of the Pole, in which you WM x 
ſeek the Aſcenſions; but however, you may find the Ml fc 
| deſcenſion of any Arch in any oblique Sphere, for qu 
3 in a right Sphere the Aſcenſion and Deſcenſion of the 
the ſame Arch are equal; it is ſhewn that the A un 
cenſion of any Arch is equal to the Deſcenſion of MW Ar 
the oppoſite Arch, and the Deſcenſion of any Arch 24 
is equal to the Aſcenſion of the oppoſite Arch; 
therefore if the Deſcenſion of any Arch be ſought, M thi 
you muſt find the Aſcenſion of the oppoſite Arch, MW fc 
for this will be the Deſcenſion of the propoſed M to 
Arch. Example. If we want the Deſcenſion of the ¶ po 
Arch from Y, even to 8* of np, of Rome where the Su 
Pole is elevated 425, the oppoſite Arch is from =, MW an 
even to 8* of X ; and becauſe 8? of X aſcend with W po 
347: 29 of the Equator, beginning from Y, it MW fo 
you ſubtract 180?, vg. a Semicircle from x even of 
1 to , there will remain the Aſcenſion of the Arch WW is, 
| from = unto 8* X, that is, the Deſcenſion of the the 
0 Arch from y even to 8* w, 1679: 29“: In like Le 
|| manner let's ſeek the Deſcenſion of the Arch from De 
1 the beginning of m even to 20 of zz, the oppoſite 20 
Il Arch, is from & even to 20% of N; and becauſe 36. 
5 20 of N, beginning from the beginning of 8, a- fro 
i cends with 111* : 15 of the Equator, ſo much we WW be 
fay is the Deſcenſion of the Arch contained between 200 
the beginning of n and 20 of x; : In like manner 
. we find the Deſcenſion of the laſt Degree of 7, that 
„ is, the Arch contained between the beginning of pf 
1 all 
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The Liſe of the Table of Oblique Aſcenſions. 


and the laſt Degree of 2, the Arch oppoſite to this 
Arch, is contained between the beginning of = and 
the end of I; for the firſt points of the faid Arches, 
and not the Extreams, are oppoſite by thediametet 
in a Sphere; and the Arch from = unto rhe end of 
x, aſcends with 180* of the Equator, and the Arch 
from Y to the end of I, with 66*: 57' of the E- 
quator, to which, if we add 180?, we ſhall have 
the Aſcenſion of the Arch, from the beginning of = 
unto the end of I, that is, the Aſcenſion of the 
Arch, from the beginning of y unto the end of 7 
246%: 57 and ſo of the teſt. GE 
Alſo the Defcenfion of any Arch, beginning from 
the beginning of V, may be found thus; take away 
from the Aſcenſion of the point, which is oppoſite 


to the extream point, by the diameter of the pro- 


poſed Arch, an half Circle, that is 180*; bur if the 


Subtraction cannot be made, firſt add 360? that is, 


an whole Circle, to the Aſcenſion of the oppoſite 
point, for that which remains will be the Deſcenſion 
ſought. Example. Let's ſeek the Deſcenſion of 80 
of N at Rome; from the Aſcenſion of 8“ of & that 
is, from 327“: 45 ſubtract 180%, and there remains 


the Deſcenſion of the Arch from y even to 8“ of 


Leo or N of 147“: 45. Again, would we find the 


Deſcenſion of 20 of n, we add to the Aſcenſion of 


20* of Y, vis. to 30? ::46', an whole Circle, ar 
360?, and from the compounded number, that is, 
from 390“: 46'; we take away 180%, and there wil 
be left the Deſcenſion of the Arch from even to 
20* of m, of Degrees 210, Minutes 46, Cc. 
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A TABLE. of the Lone Day and 


— longeſt N ight, between the Polar 
Circle and the North Pole. | ; 


[Alrir. |Contin | Conn Alf 1<ontin.j Comin | i | 
ot No. Day in Night of No. Day in N 

ole. Sumer. in Win.] Pole. Sumer. 
1. Da. II NI. I H. De. Da. H. 
7 . Of 23 180 8 179 127 19 
157 39] 33 17] 31 13159 30] 
180 41 14] 29 2/80 o 133 131 
68 30} 48 6 45 8080 30/136 8 
69 9 54 31 50 22[81 01139 3 
* £2229 212 081 141 211 
70 © 64 TT] 60 16082 9 144. 14 
172 30; 69 4] 65 282 30 147 81. 
22 12] 69 6183 050 ©, 
475 3%] 77 T7] 73 - 5183 30/7 16|14 
72 81 17 77 1184 0155 814 
12 20; 85 14] 80 17184. 29 | 
85 8 84 6185 O 150 15 
473 30% 92 22] 87 18085 30163 5 
174 9 20 S 165 187 19 


24 39; 9 21] 94 986 3c 30 168 9 
ZU 9.103 5 97 17955 9,170. 23 
20.106 11 180 17187 30 123 1315 
{75 0 0159 164103 1988 © 175 20 
76 30112 20106 20| 88: 30 178 16 
ofs 22 109 20189 — 4. 41 19 
77 77 304118 22112 17189 30 183 19 
78 5 221115 14/90 0186 17 
128 20 nne * 


0 OST ae as 2 ms i i. 
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A TABLE of the Length of the Day and 


tude 48*®. 34 


* 


| 


Night under the Meridian of Twbing, Lati: 


\F „ 8 A 2 |F| 

0 Ho. F Ho. Ho. y Ho. 2 Ho. ; 8 Ho. 5 5. 

o| 12 12 013 4010 14 {15 16 | 8 412 

1] 12 411 3513 50 10 10; I5 18 [ 8 42 223 
2| 12 811 52 13 54 1 6 13 228 3828 
EFF 
412 1411 4614 % 10 0115 26 [8 4% 2 

3112 1811 42 | 14 0495615 23 | 8 32 25 
E 
7112 28 11 3414 10 5 315 5:2 | 8 28 | 23. 
8112 2811 332 14 14 9 4615 34 | 2622 
uz 11 48 4415 9 44[15 39 | 8 24 [21] 

10 ta 3611 24 | 14 2 9 40|15 33 | 3 22 20 

11] 12 40 11 20; 14 22 9 38 15 49 | 8 20 19 

1212 44 115 14 26| 9 341 42 | 8.18 [18, 
12112 46 11 14 14 30 | 9 015 42 8 18 [17] 

1 14 | 12 30 11 10 14 32 9 28 15 44 8 16164 

151 8421 6 436 9 24 15 45 8 1415 
1612 58 11 214 > 9 22 1645 | 1414 

17 13 02] 10 5814 42 9 18 13 48 8 12 13 

% e % 2 4550 | 820 [12 

19 13 0810 5214 48 | 9 12 Ty — 8 10 ir] 
2013 12 10 48 | 14 50 9 1% 15 52 |8 8 110 

2 yd 8 
10 44 54} „ 442 8 BJ gf 
218 22 13 18| ro 42 14 369 5. 4's 32 8 34 
[5 23 13 22 10 3314 38 9 215 4 8 5 7: 
4414/8: 8538 [re ca [3 6] 6, 
| [25] % 10 30 |15 04, 8 56 [15 34 6] 51 
3 25 13 32 10 28 13 86 8 841 % 4| 4 
| 27 13 3610 241 1 8 50[1; <5 [8 4] 3] 
17 28 13 38 10-22 | 15 12] 8 48 [154 558 4 2 
9 29 13 42| ro 1815 14 | 8 451 368 41 
212 ä LET 
r 138 = — f 

-- — „ e . 
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A Catalogue of the Longitude, of the Latitude and Magnitude 


of notable fixed Stars, trom the Obſervations of 


* 


to the beginning of the Julian Period. 


K 


Tycho, reduced 


Names of STARS. | Their Longitude. Their Latit.] Magni - 
I Sig. Deg. Deg+. I tude.-+ 
1, Stars of the Zodi. 3 Bo | N 
1. Theſouthern in | 5 1 
the former hornof .. 9 28 10 57 7 8 3oN| 4 
2. The. bright | OE 
Star, in the top of | - f 3 1 
the Head. [lo - 02 39 57 9 57 ON 3 
3. The Eye of 8, | 
Palilitium, Aldebarun 1 04 45 57 os 31 oo 81 
4. Caftor, in the] | 
higher Head of L. 0 25 14 $7 10 0200N| 2 
F. In the lower | | 
Head of I Pollux, 1 
Hercules. © 18 16 $7, 6 38 NI 2 
5. The Northern . | "2 es 
AlG. i o2 31 37 3 08 NI 4 
7. The Southern | = 055 | 
— 5, SkeG r* 03: „„ 3. 
8. The Heart of ; | : 1 
an Regulus, or Ba- . * 1 
flies. II 24 30 37 0:26 30N I: 
9. The bright RT : | | {+ BE 
Star of the Tail ofN, | 2 16 3s $57 12 18 NIA 
10. Spica fk. | 3 18 49 37 1 59 oS| 1 
1t. The douth- 2 : | | 
ern Ballance. 4 2 10 04 57 0 26 oN| 2 
12. me North- | pL * 
ern Ballance, {4 14 21 57 8 35 NI 2 
13. The Heart iſt. 1 i» l * | : 5 
Antares. „„ 1599724527 -0Sþ 4 
14. In the left 8 | 3 | 
—_—_—X 75, 07 24 $373 37 91. 4 
15. The North „„ t 
ern in the forme . | 9 
Horn . WM {al 22 gr. 2 
16. The Southern | 
in the ſame Horn. 6 29 og 57 4 41 ON 
* 17. The middle | | | 3 p 
et ween. 6 29 24 $7;6 $53 ON 
18 In the Left ö 0 1 — — CIIoe — 
Shoulder of 2. 7 18 24 578 42 0N 3 
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Names of STARS. 


Their | Longitude, 


Their Latit. 
Vo Sig. dg. | Deg. * ” | tude. 
19. The laſt in the | | "IEA 
effuſion, Furmahant. | 7 28 45 27 21 0 oS| 1 
JJͤ;—⁵ 
er, in joining toge | | | 
ther. of bothNets)x | 9. 24 21 27 00 4 309 | 3 
Il. Northern Stars. f Ps 
1. In the end of : 5 
the Tail of the leſ- = : 
ſer Bear; Cynoſura [vs © 4 8. | 
the Polar Star. 11 23 36 27 56 2 N 2 
2. The laſt of the ; | | | *4 
tylofthegreatbear. | 2 21 45 57 | 54 25 ON 3 
3. In the Breaſt | ö 5 WES 
of Caſſiopen, ſobedir. 10. ; 'o2 30 27 | 46 35 30N 3 
4. In the Girdle 3 a 8 + | 
f Andromeda. 9 25 22 57|25 39 oN| 2 
3. In the topok er a} 2; 
the Triangle. 10 or $2 57115 49 3oN| 4 
6, The head of oe RS | 
Meduſa or Algol. | 10 21 10 57 | 22 22 ON 3 
leftſhoulderofenoch | 1x 16 49 57 22 50 3oN| 1 
8, The bright , | 
Star in the Right. | * 
ſhoulder.” 11 26 25g g7 | 21 27 30N E 
9. Coma Berenices | 2 18 30 57 28 25 oN| 3 
10. Arcturus, or ps 
Books. . T 3 19 12 57 08 02:00 I 
11. The bright 3 : 
Star of theCrown. | 4 07 11 27 | 44 23 ON S 5.4 
12. The Head | e | 
of Hercules. : „ - 381 04 $94 $7 49.869 
; 13. The Head : | 
of Ophiucus. | 6.- 1ͤ 1 K 26 67 al 23 
14. The former : 
of the light Stars | 
in the Head of the 5 | 
Dragon: 3 os 53 27 | 75 21 6N * 
15. The following. | 5 22 57 57175 3 30 3 
16. The bright . 

Star of the Harp. | 6 10 15 57 51 47 50 3 
17. The bright | f | 
Star in the ſhoul- | | | 
der of the Eagle. | 6 25 42 57 f 29 21 3oNl 2 
\ 0 TY Names 
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hi * Their Latitude. 25 
Names of STARS. — 2” .. 
. 1 theBreaſt | 3 | 
of the Swan. 19 38 37 09 26N 
19. In the Tale T 18 i, K $ 
of the Swan. o 27 25 39 36 30N 2 
20. In the mid- [I 
dle of the Flyin Is 
_ (he Gow | | _- | 
of Andromeda. 9 o 20 3712 2 NI 2 
III. Of Sauthern c if s. Pr 
Stars. | 2 
Star of tlie 1. fn of Y | e 
the Whale. io ©9 20 $7] 12 39 o 8] 2 
2- The bright | 3 
Star in the Tail | 
of the Whale. s 27 29 37 20 % o 8| > 
3. The right | 
Shoulder of Orion. 1 23 45s 57] 16 os o S > 
Fan. —_— : | | 
r of the ſame. 11 1 6 16 o S1 2 
4 8. The firſt off - th 1 95 [ 
e Belt. CE 8 6 $1: 2 
- bh The 8 7 0.740 F 
Star of the ſame. [rx 18 27 57| 24 8 2 
15 he K 5 F.* 
the Belt. ir 19 .40 7] 2 2r 30 & 2 
8. The left foot 3 c 8 
of Orion, Regel. [iz 11 30 57] 31 11 30 F 
9. The greater | | | 
Dog Syrius. 0. o s 71389 of 2 
Io. Of the leſ. 5 A | 
fer Dog Prorypon. © 20 52 57] 1s G7 8 8 2 
II. Canob e. 0 o8 33 57] 73 ©o o 8] 1 
12. Fhe bright yy | 
Star, dr the Heart | 
of the Water Ser- | | | 
peut, 2 it 23 19 2728 2s © 87 x 
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A l of the Suns entrance into o u. 


The Radixes at the beginning of the 


Roan Period, and the days from 
e compleat - 


1 ys Ho. Mi. [Days Ho. N. Se. 
Ra. hs 1 Biller 11 — 4 _ 118 OI. 59 43 
2 Common.|r17 19 39 30 4 Comon.jt18 o8 oo o 
Years $i] © © 11 15 Tears 400 © 07 30 0 
current 12] © o 22 5 So o 11 13 o 

3] © © 33 81 0 15 o 

| 9; 0 100 o 18 45 
* 55 0 © 35 200] 1 13 30 0 
„ 300 2 08 15 0 
13 1-88 400 3 03 o - 
| . | 5000 3 21 45 © 
„„ 1 | 600] 4 16 30 © 
a 200 5 II ns o 
| 9.0; 2 83 | &oo] 6 6 ᷣ o o 
T goo 7 o 45 o 
1% 2 1 xg Toocl 7 19 30 © 

141; 05 2 37-200 + 200c| 15 15 13 
„ gooch 23 10 © o 
e 4000] 31 6 45 © 
CUT 3000 29 x 30 © 
if} % 3 22 50 600c] 46 2x o ®©® 
19] © 3 3345 700ol 54 16 30 
20], 0: 3" 48 © 8000 62 120 © 

| X 
The Suns entrance into the Twelve Signs of the Zodiack. 
Fj © +-.0...06 FI 186 18 26 8 
30 14 30 22 m 2177 or © 26 
20-57 , 27-18 27 7 246 19 18 25 
""S[93 03 47 7 Ws 276 05 4Þ 3 
Ai 15 22 2 2 395 14 34 4 
ss 22 = 28 XX 335 04 12 17 
| ws 5.4 265 05 49 2 


3 
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+, A Table of the equal motion of © Longitude in Years | 
3 || and Months. „ 
herne Epocha or Radix at the beginning of the Julian 


Im Period, vis. the Midnight of the Calends of Ja- 
ddl. : 7. 
- 5 Sig. Deg. : 
TTT 
Pig. Deg. „ Sig · Veg. 
Biſſext. 1] © o 44 49 Tears qo © © 18 2 
ears 2 © o 30 29 60:0 -. 0. 8739 
310 o 16 09 89 0 G 36 16 
, ©. 0 an 8 
Bil. o o 46 38 200] © 1 30 4 
— 8 G ZT- 28 300 © 2 16 o 
0 o O ) o | 
7 03 30 50000 3 46 4+? 
” Bil, gjJo o 48 27 60] © 4 32 2 
8 3 e 4 
0 D. 0 29.47 do O 6 2 43 1 
0 8989 0 5 goo © 6 48 4 1 
— — — | 
P © © 50 16] 10 7 33 24 { 
g o o 35 56% 20000 Is 6 48 N 
0 8 0 % -a2 36 30000 © 22 40 12 5 
5 0 o 18 4000 F O 13 36 . 
1 F 4 5000 1 7 47 508 
bs „„ In as Goool 1 Is 20 24 f 
« „ 33 Togo! I 22 383 4 ) 
l 888 4 8000 2 0 27 12 j 
|  [Months, 6 3 
. r o 33 18uly. 6 28 87 25 
1 28 og 11/Auguſt. 7 29 230 44 
2 28 42 3oſSeptember|] 8 29 og 54 
; 3 28 16 39|Oftober | 9 29 38 12 
; 4 23 4o $8|Novemberiio 29 12 22 
une, [s 28 24 08 December. III 29 45 go! 
| ſn the Biſſextile Year after February add to the Months $9 : 8” 
| 


4 * 2 
r P r 
edn dn AR ae eg. — 8. — —— — —— 


= 2 - _ _ 3 
1 *s 2 — — 2 — 
ä — m ———C  —_— 
= — — — ——— — — - — * 
» 


778 _ 
A TAREE of the equal Motion of Longitude of ©: in Bay A 


Hours and Minutes. 


Da Dd : : 77 Da De. 7 "I Da De. q 7* | 
©.5. 08|x1| 10 52 32 27 20 41 55 
1 58 17 1211 42 40 2221 41 3 
2 57 25 1312 4 48 23 22 40 12 
[3 $5 33] 14 | 13 47 51 24| 23 39 20 
| $5 42 | 25 | 24 38 28 
5 54 $0j10[15 46 13 25 25 37 27 
6 53 58/7 116 45 22|27| 26 30. 45 
7 53 07, 18 | 17 44 20 bY. 27 3s 53] 
8 52 15 118 43 38 29 28 35 02 
9. 51 23. 20| 19 42 47 32 | 29 34. 10 
$4 Ia Hours and Minutes. 


_ 


r 


Favs op laws at 
2 
K 
A 
4> 
+7 


* 


* 


—— _— "aw 


12 
pO 


4 


9 


o O 2821 5 57 45 | 41 01 43 2 
0 04 55] 22] © 4142 42 30 


— j— 15 68 
9 


123] 0 56 40 [43] 01 4; 
541 052 08144] 01.43 2 


— a 
28 I OL 36 '45 | O01 5@® 53 


Oh & 


100: 30 11 5s 50 c2 03 12 
o 27 <6] 31] 1 15 24 g1 | 02 0% 40 
120 29 34] 32j 1 13 $2. 52 | 02 off 08 
130 32 0233 1 21 19 53þ 02 10 36 
1410 34 20134|_1 23 45 54 | 02 13 cg 
150 36 58 35 1 25 14 55 | 02 15 32 
150 39 26136] 1 28 42 36 02 18 00 


7 4 7 1 31 12,57 | 02 20 25 


—— ———— : _ ao 
7 7 77 7 h 7” , 45 #7 


9 1 . | 


If you would know the equal Motion of © Longitude in Hour, 
you muſt have recourſe to the top of the Table. But for Minutes 
| _ muſt mind the bottom of the Table. Example, The Motion 
or 20 Hours is 49: 17”. But for 200, tis 49 17”. Cc. 
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wil; TABLE of the 
Sol Apogeon : The Radix at the be- 


* g of Julian FERRO 


Equal Motion of 


8 17 39 54 
Years. De. „5 
E 49 | 0 41 5 
4110 2 | 60 1 OL 38 
240 3-5 80 1 22 10 
4 4 TIC 
140 5 8200 725 3x 
'6 E 6 10 300 5 08 08 
\...y $0:;:7-48] 1] 499 6 50 51 |. 
1 B-1Z1 50037-3434 307 
= 2F [0*-9FF | | 600J 20 16 #6 
10 [o 10 16 700 | II 58 59 
ir [o 11 18 | 800 | 13 41 42 
12 [O 12 20 900 15 24 25 
13 fo 13 21 10 17 o7 7 
Ig 0 14 23] 2000 l 34 14 15 
| 15 o 15 25 [3000 | 51 21 22 
| 16 {40 16 26 4 | 68 28 29 
— 1 — — r 
17 o 17 28 $5009 |. 8, 35 371 
18 % 18 29 | 6000 102 42 45 
| T9 Jo 19 31 | 7090 | 119 49 50 
20 Jo 20 33] | Boco | 127 27 004 
Months. | | Inks. EINE 
E o o 5 ] july © o 36 
*ebrv. jo © 10] Aug. O O 41 
Marc. |> o 15 [Sept. o o 45 
April [o o 20] [Octo. 0 o51 
May [o o 25 |Nove.| 0 o 56 
June [o o 30 [Dece | o 1 02 
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— 
LC 
— — — — 4 


NGC ap OR on nan 
CN — — — 
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———— o 
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A TABLE of Lunations. The Radix &f the 


* 


„— — 


8 


Fulian Period, from Midnight Current. 1 
Days 19. Hours 1. Minutes 30. Scruples 25, * 
1 11 15 11 22 21 21 17 49 — 
In 2 | 22 06 22 44 60 | 03 07 12 40 Bi 
3 {| 03 os 50 02 80 | 14 og 51 3440 
1 4 14 00 or 24 100 25 04 39 29 | 
| s 28 15 12 46 200 20 20 16 64 
| 6 css 17 40 og 300 16 12 03 20, * 
7 17 o gr 26 400 12 03 49 45 B. 
| 8 | 28 00 o2 48 $00 07 19 36 10 
| 9 10 02 30 o7 — 600 o3 11 22 36 | 
10 20 17 fi 29] 1 700 28 15 53 04 * 
11 of 20 08 47 800 24 07 39 30 Ws 
12 12 11 20 0g 900 19 23 25 5s B. 
13 | 24 02 31 31 1000 | 15 15 12 21 
14 {05 04 $8 50 2000 OI 17 40 38 
15 15 20 10 12 3000 17 o8 32 59 
16 26 11 21 33 4000 03 11 117 F 
17 sos 13 48 52 $000 19 02 33 38 | | 
18 19 05 00 14 looo 05 os Io 55 
2 4 47 9 | 7000 10 20 14 16] 
20 1 1o 22 38 54 8090 os 22 42 34 
Epatts of Months. Canons of Con junctions of ( O and. 5 
January or 11 15 37 1. 29 12 44 03 
geb Co. 29 11 15 57 TT. | $9 07-28 06 
| 2 Biff. o 28 31 5445 III. | 28 14 12 to! 
March I 09 47 50 Z IV. |118 oz 56 13 
April 4 1 21 03 47 #7 = V. 147 15 40 16 16 7 
May” 3 08 19 44 2 VE. | 177 04 24 19 J 
June 3 19 35 418 VII. J 206 17 o8 22 F 
July 3 os 51 38] 8[ VIII. | 236 og 52 25 \ 
j Auguſt | 6 18 27 S IX. 265 18 36 29 a 
| Gag — X. | 295 07 20 32 A 
| September | 7 5 23 3t 18 Xl. 324 20 04 04 351M | 
October 9 16 39 288 XII. 354 08 48 Ti 1 
November | 9 03 55 25 2 | 383 21 32 41 — 
December 7225 Is 11 22: half 14 18 22 02 
5% e ee 2 ou. 1 2 In 
; 


—_— 
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TABLE of the Anomaly, or Reaſon 
Latitude: The Epocha or Radix at the Mid- 


night of the beginning of the Julian Period. 
Signs 4. Deg. 19. Minutes 43. Seconds 38. 


of 5 


Biſſex E Dee 
Bi. 1 05 11 56 32 40 10 20 47 58 
d 10 39 17 60 [04 OI II 57 
3.] 03 .09 22-02 80 | 09 II 35 56 
__4 | 08 08 og 48 10002 21 59 58 
B. 5 os 20 O1 20| | 200 | O5 13 59 56 
6 | 06 18 44 06 | 300 | OB of 59 54 
j 7 | 11 17 26 49 400 10 27 59 52 
gz 04 16 00 35 | 500 2 19 59 50 
B. 9 | 09 28 06 75884 11 59 46 
10 02 26 48 53] 7% | 07.03 59 44 
It | 25 31 39| | 800 | 09 25 59 49 
200 24 14 24| 200 | 00 17 59 29 
B.13 | o6 06 10 56 | f Iooc | 03 09 59 37 
I4 | 11 04 53 42] | 2000 | 06 19 59 14 
I5 | 04 03 36 283000 | ©9 29 58 50 
16 | og 02 19 12 [4000 | ol 09 58 27 
B.17 | o2 14 15 44| |5000 | 04 19 58 13 
18 | 07 12 58 30 | 6009 | G7 29 57 40 
12 | 00 II 41 15| | 70co | It 29 57 17 
20 | o5 10 23 59 | 8000 | ©2 19 56 53 
Months. . | Months | 4 
Janu. ox 20 06 36 | July | 09 14 37 19 
Febr. O2 co 31 54 Augu. | 11 04 43 55 
Marc. | oz 20 38 29| Sept. 00 11 36 45 
April | 04 27 31 18| | Otto. | 62 01 43 20 
| May | 6 17 37 54| Nove. 03 08 36 10 
June | ©7 24 30 45 | Dece. | 04 28 42 46 


In the Biſſextile Tear after the compleat Day of the Month of Febru- 
ty, with that which you take out, you muſt encreaſe it by _ 
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AA Table of the Anomaly of in Da; 


Hours — Saupe. 


— 2 


— — 


188 * 


Days Sig. beg · er big. D. Days Sig. deg. ' 
1 00 13 13 4 4 25 31 22 2109 07 48 
2 Joo 26 27 b = os ©8 45 os 2209 21 024 
31 941 17/135 21 88 53] 23 Io 04 16 3 
425 3} 14|s 5 12 3s| 24|10 17 30 If 
3 2 5s 848 5.3 6 18 26 25 2g 114 © 44 

62 19 22 34|1s | 7 or 40 18/2601 12 57 of 
2713 7 14 53 % 271 27 11 jj 

. 33 Aer 
91 3 8 11 21 27 29] © 23 39 

10 4. 12 17 3d) 20 [8 24 35 130 30l x 05 52 f 

XS In Hours and — __ es. i 

222 — ATI 
1 -] 17 34 33 
2. LE 
3 12 40 42 

4 4 13 13 46 
6 14 19 53 
2. 2714 32 38 
8 3 
9 "9 99 #3 
10 16 32 12 
11 7 $ 187 

12 [17 38 20 32 
13 18 11 25 33 | 29 12 54 

14 18 44 30] 5$4 | 29 45 5 

15 19 17 34 $$ 1 309 19 

22 LH a. MELEE. 

17 | 20 23 42 . 
18 20 56 48 38 | 31 38 14 

19 21 9 $2 39 32 31 16 
20 22 2 56 60 32 5 2: 

Min Ei | a 

ec. | S * Sec * X * 


* 
II @ 
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6 eee HE. 


— = RS Sa 
1 
9 2 8 MD 
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a GEOGRAPHICAL TABLE, containing the degrees of the 
perallels of the Equator turned into Miles. 5 

Depr. | Mites Ser. Degr | Miles Scr. Deg. | Miles Scruples, 


—— —— 
16 


PO) 
*1 


— 
2 
J 
* 
* 
ee 
— 
— 1 
* 
\A 
93 


„4 33] 44 10 47744 8 
J 
1% 14 25 46 | 10 25] 76 | 3 38 
5 1 | 17 | 14 21 47 | 10 14 77 2 22 
3 {233 | 24 16] 48 1.28 
420 (9 |] 14 ta | 0 79] 2 32 
e | 14 6 5o | 9 38] eo | 2 36 
r. 1,925] $112 20 
9 TLM34 0X 0 
— 49 Baj 4s a: 
8 360 90 18 
8 23 V6 1 2 
— a 


7 57] 88 's nat] | 
7 4392891 0 a8 
n EEE EO WO | 
: Note, This Table.confilts of German Miles and Scruples; but if 
Vu would know-how many Engliſh Aliles und Scruples uny pnralel 
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A Catalogue of ſome of the chiefeſt Cities in the | 
World, ſhewing the temporary Differences of 
their Meridians from London; with the Height 
of the Pole in each Place. | 
— ——— — 
| : Differen. of | Height 
' Names of the Cities. | Meridians. | of Pole 
16 —— | — . 
Aberdeen in Scotland | o 9 8 58 40 
Belgrade in Hungary 1 24 A 45 | | 
| Alexandria in Egypt 2 36 A 30 58 g 
Amberg N o 48 A] 49 32 5 
| Armiterdam z Holland S 27 A 52 4 
Antwerp in Brabant o 18 A 51 2 
DE i A0 48 f 
Arim of the Arabian 4- x 
ftrologer calPd the mid- | | | 
dle of the World. 5 37 A | oO oo 
| Athens in Greece 1 51 A} 37 42 | 
| Auſpurg in Swethland | O 46 A | 48.. 22 . 
I ͤ Orleans zz France 0-40 48 08 | 
Bambergs J 0 43 A 49 57 | 
abylon i Caldea” | 3 40 A|35 0 
Barcimo in Catalonia O 10 4 40 45 | 
— — 1 | * 
Bethlehem the 2 46 4A 31 50 | 
' | Breme in Saxony o 34 A 53 08 
' | Bruxels in Brabant o 16 A|5o 488 | 
' | Brunſwick in Saxony | o 41 A | 52 16 
I Burdeaux i France | © 12 845 47h 4 
4 Calice in France 0 50 52 | 
Calicute in Eaſt India | 5 5o A [11 30 
+ | Carthage in Aﬀricka | 0 40 Aj 34 5 


1 * 


2 


Differen. of 


| Names of the Cities. — 
„ 
— | 55 
Caſſels in Heſſia 10 26 A 
| | Compoſtella in Spain | o 38 3 
Conſtantinople 2 1& A 
Conimbria zz Luſitania | © 37 8 | 
Cracrovia in Poland 1 
Damaſcus in Syria 1 1 
— 1 
| Edenburg in Scotland | © 11 8 
| Epheſus - 3: 17 Ki 
Ferraria in Italy i © 43 A 
| Fefſe in Mauritania o 16 ©, 
Francford po Odar | 1 o A 
Fruenburg in Pruſſia x 20 4A 
Francford #pon Mene | © 32 A 
Gadiz or Cadiz 0 446 Wl 
Gs oO: 26 :A 
| Gaunt #7 Flanders j © 8 2 
Goa in India | 5 4 #1 
| Ter-Gooſe in Zealand a 16 2 
| Hamburg in Hol ſatia a ww a1 
| Heidelburge o 1 & 
Hieruſalem 1 
| Ingolſtade _ | 9 
Lisborn in Portugal j o 26 8 
| Lyons in France 89 AJ 
| Leydon. o 16 A! 
LONDON 9 
Lubeck in Saxony 8 4 A 
Magdeburg i Saxony | © 47 A 
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A Catalogue of THOR of the ckiekelt Cities i in te 
World, ſhewing the tem r Differences of 
_ © their Meridians from London; with the Height 
of 6 Pole i in each Place. - | 
3 1 — 1 £8 6 A { 
| Differen. of Height ( 
|- Newer of the cer. 1 of Pole. | i 
O. L Le. , 
"> — — — 
1 A in 9 o 9 8 58 4 
Belgrade in Hungary 1 24 A 45 16 
| Alexandria in Egypt | 2 36 A] 309 58 
Amberg a 00 48 A 49 32 
1 Amſterdam in Holland | O 21 A| 52 24 
Antwerp in Brabant | o 18 A 51 121i |} 
| Aquifgrane [ o 26 A 50 48 
I Arim f the Arabian A- 5 x 
| rolager callid the nid-· 3 
dle of the World. 5 37 Aloo oofffl | 
| Athens i in Greece | 1 51 A 37 42 | 
4 Auſpurg in -Swethland | 0-46 448.22 | 
| | Orleans iz France "1g 145-9 
- | Bamberge te 43 4A 49 57 | 
Babylon 7 in Calden 3 40 | 35 00 
] Barcimo in Catalonia | o 10 A 40 45 3 
| . _ | 4 — — ner a 
| Bethlehem vp 2 46 A 31 50% 
- | Breme in Saxon o 34 A 53 &% 
I Bruxels in Brabant | o 16 A 50 48 F 
| | Brunſwick in Saxony | 0. 41 A | 52. 16 
| Burdeaux ia France o 12 845 ) 
I Calice in France e ' 490-52 
| | Calicute in Eaſt India | 5 30 Afj11 30 
| Carthage in Affricka I 0.49 A4 60 
ot — ——————— — J — ä | 
aps ——_—— 
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Caſſels in Heſſta 


Co tinople 
Conimbria 12 in Luſitanla 


. in Poland 
Damaſcus in Sytia 


Dantzick 
Edenburg in Scotland 


| Epheſus | 
Ferraria in Italy 


Feſſe in Mauritania 


Francford ap Odar 


Fruenburg in Pruſſia 
Francford #pon Mane 
Gadiz or Cadiz 
Geneva 


| Gaunt in Flanders 
Goa in India 
Ter-Gooſe in Zealand 
Hamburg in Hol ſatia 


Heidelburge 
Hieruſalem 
Ingolſtade 


Lisborn in Portugal 


; Lyons in France 


Leydon. 


| LONDON 


Lubeck ix Saxony 


| Magdeburg in Saxony 


. * 1 


Names of the Cities. 


ſella in Spain 


* 


| 


— — 


| 


—_— — 


Differen. of | Height 
Meridians. | of Pole. 
| De- * 
o 26 ASE 10] 
o 38 84 oc f 
2-318 & | 43 00 [ 
0 37 S|49 15! 
1 ＋ A 49 58 
3 A | 34 co 
I 18 A | 54 23 
_o 1. REF. of 
117 ̃ MM 
o 43 Al44 45 
1 oo A2 20 
— — 
1 20 454 29 
0.,32 
© 24 836 10 
o 26 Al 45 54 
S8 16 AL M 
5 48 A 16: 00 
o 16: Aj 96 I] 
©..39 4.33 as 
'o 35 449 36 
3.059 P 
o 7 M 
O 26 I] 38 45 
o 20 AF Is 
Oo 19 A443 1&4 
© 08 3 23 1 
& 40 A 53 $8} 
S 47 ATTY | 


| 


5 
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* 
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Names of the Cities. 


Saint Malo 

Mexico 
Macao in Kingd. Pegu 
| Malico zz Eaſt India 
Maliapur Sr. Tho. Sepu. 
„. * | 
1} Marpurg in Heſſia 

1 Mecha in Arabia 
Meſſane in Sicilia 
Midleburg in Zealand 
Coninsburſe 

_ 1 Mentz in Germany 


| Munſter in Weſtphalia 


Madrid Seat of K. Spain 


1 Mount Sinai 


Narbon in France 

A 

Ninive i Aſſy ria 
Naples in Italy - 

| Norimberg in Germany 


i Paris in France 
Prague in Bohemia 
„ 


Pergamus 
Quinzoy . 
Rome in Italy 
Ravensburg zz Bavaria 


| 


Presburg in Hungary | 


Differ En. of 


4 


Meridians. | of Pole. 
— * 
o WS 
6 30 8 
7 99 A 
7 19 A] 02 24 
6 — A 13 oo 
o 31 8131 15 
0 33 4A 50 43 
. © WS + W-] 
x 06 A 37 52 
o 16 Aj 51 30 
1 28 A 55 o8 
5 o 45 Ao © 
o 28 A1 54 
| o 11 8140 45 
2 40 A 30 ©0 
0 0 A 43 25 
O 42 A 50 16 
2 A135 1 
1 ATT i 
o 46 A+» 49 26} 
1 o9 Al48 25 
o A4 511] 
„ 56 A 50 36 
36 25 
2 WA 41 O8 
"It 28 A 37 40 
81442 2 
0 A. 


<4 a ef AA dd con 5 od Aa. IH43 A. ff ett ot om , ea 
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— e : J 2 
Names the Citi 3 
the Cite. eren. eight 
3 - Pole. | 
Rotterdam < 2 
K 7 Holland p 4 - 1 
Roan „ Normandy 5 — 
. 9 | 
Salisburge in . N o * A 17 45 
Spier upon the Rhine | | © | —= 
Stetine ix Germany e TF21LS 
Smyrna in Aſia 22 8 
Stockholm in Swedland 4 -. A 
Syracuſa in Sicily N — 
Ibeſſalonica 3 
ipolis in Syria 4 08 3 
Tu ing Wittenburge 1 2 
Th ce. _38 A | 48 34 
orge in Miſnai "8 
Copenhagen in 2 In 51 33 
Valence 1 2 a 55 4 
Venice — - 2 E 
ienna in Auſtria CEE 
Weymar : 0 — a : 
Ulme in Lower Swell. e 42 440 = 
042 A 
| Uraniburg —_— Ly 
| 0 in Portugal o 
Worms 4 838 45 
l irtenburg 7 in Saxony | © x. | 4 5 
— 51 52 
F I'N 1 3 
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Advertiſements. 


" The Atithor doth intend, God willing, ve ry 710 T b 
to Publiſh the following Trattates. W 


3 T H E Art of Dyalling Geometrically and Arith. 
= .. metically, divided into 4 Parts; each Pan 
being a compleat Treatiſe of Dyalling for the whole] 
Terrene Globe: With Gnomonick Tables, for ma- 
king all manner of Dyals to any Declination, and if 
incribing their Furniture. Together with the Me. 
thod of making the Tables, both Linearly and Lo: 
_ garithmetically for any Latitude. | 


I. A TraQate in proportional Numbers; containing 
Part the 1ſt. concetning the Ratiò of Numbers: 
Part tHe 2d. of finding proportional Numbers. 
II. A Tradtate in numerical Proportionꝭ; containing 
Part the 1ſt. concerning Geometrical Proportion 
continued : Part the 2d. of Arithmetical Propor- | 
Ya tion: Part the 3d. of Harmonical Proportion. 
III. A TraGate concerning the Proportions of Lines] 
and of Segments. | 1 
IV. A TraQtate of proportional Progreſſion; whete- | 
in Part the ift. treats of the Geometrical Pro- 
greſſion of Lines: Part the 2d. of the Harmoni- | 
cal Progreflion of Lines. : 1 
FP. A Tradtate concerning the Proportionalities of | 
& Hatios. | | 


